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Abstract 
The thesis describes an investigation into the collection and measurement of 
quality costs. It goes on to explain the manner in which this information was 
presented and used as an integral part of a specific (high volume manufacturing) 
company's total quality drive. Finally, it demonstrates how the cost of quality can 
help to identify and direct efforts to improve quality. Guidelines are given for the 
collection and analysis of quality cost data within the packaging industry. 
A comprehensive literature survey covering issues directly related to the 
objectives of the research, and peripheral issues of importance, was carried out. 
Literature on case studies for the promotion of quality were also included 'in the 
survey. The survey was confined to English language publications, using a list of 
keywords relating to money (Le. cost, profit, economic, etc.) and topics ranging 
from the use of "quality improvement" as a business strategy to the quality-related 
costs associated with specific manufacturing operations. The search was 
primarily confined to quality related literature. This literature was reviewed and 
discussed in the light of the research experience, some gaps in the literature and 
information available were identified. These are discussed as a part of the 
development of a dedicated methodology, within the final chapter. 
" A three stage, action research, methodology was adopted. Action research 
encompasses direct involvement in organisational change whilst providing an 
increase in the knowledge base for a specific topic. This was the best possible 
option as the project specification relates to a practical problem with theoretical 
relevance. The main advantage of action research is that it is carried out in 
real-time and produces a concrete result, putting something of real practical worth 
back into an organisation. 
Four practical costing models were identified: (i) Prevention, Appraisal, Failure 
Model; (ii) Process Cost Model; (iii) Economic Balance of Quality (Optimum 
Quality Cost) Model; and (iv) Total Loss to Society (Quadratic Loss Function) 
Model. A host firm was used to test (i) and (ii). These two models were chosen 
because they exhibited certain characteristics. They both form part of British 
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Standard - BS 6143, have had some publicity in the form of articles within 
professional journals, and have' b'een utilised 'within both manufacturing and 
service industries to provide quality costing data. The British Standard (BS) 
6143: Parts 1 (1991) and 2 (1990) was used as the primary guide. A detailed 
analysis of the applicability of both models was carried out, with necessary 
modifications being made to suit the host firms' particular industry (plastic 
injection moulding). This analysis is reported and discussed at length. 
Among the key conclusions are that quality costing can have a, very positive 
effect upon an organisations' quality improvement drive, and that the careful 
.' 
development of a specific cost model (in this instance the P.A.F. model) and a 
methodolog,y for employing it, within a larger framework, should be considered 
essential. Further conclusions are that all organisations are at various stages in 
the use of formal measurement systems. As such, the identification of what stage 
an organisation has progressed to, and the determination of how they should 
proceed, is important for forward progress in the use of quality measurement 
systems. A conceptual framework has been designed for this purpose. 
A set of guidelines for quality cost collection and analysis within the packaging 
industry (high volume manufacturing) was created. As was a matrix to show an 
organisations' current place and potential development within certain key 
parameters, for example: i) company awareness, ii) costing models used, iii) 
measurement systems in place. The methodology developed for the host 
company is being used within other companies from the same corporate group. 
This is allowing refinement of the original model to take place. Other 
recommendations for further study are proposed in order to establish the validity 
of the above measurement systeT framework. 
This research has contributed to the existing knowledge base by trailing and 
modifying existing models within a specific environment, and through the 
development of a conceptual framework for assessing an organisations quality 
measurement system development. The direct contribution to the host company, 
in terms of practical and theoretical assistance has been considerable. This is 
fully detailed within the thesis. 
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Chapter One 
1.0 Introduction 
The aim of this chapter is to introduce, outline and specify the objectives of the 
quality costing research project. The following issues are discussed within this 
chapter: 
1.1 - Background to the Study. 
1.2 - Aims and Objectives of the Investigation. 
1.3 - Research Methodology Employed. 
1.4 - Expected Outcomes. 
1.5 - Structure of the Report. 
1.1 Background To The Study 
Quality management and the costs associated with the provision of improved 
product quality has received a great deal of attention in recent years. The 
literature dealing with the costs associated with quality can be divided into the 
following categories (1): 
(i) Models and methods for assessing the cost of quality; 
(ii) Trade-off between costs of quality and improved level of product quality; 
(iii) Cost of inferior quality; and 
(iv) The relationship between higher level of quality and basic performance. 
Much of the published work is not supported by empirical data. The 
appropriateness of the models for measuring the cost of quality have, so far, 
been tested in a limited number of industries (2). The relationship between cost 
categories and the actual usefulness of models has not been tested extensively. 
Therefore, examining the applicability of the models and identifying the 
contingency factors that influence the applicability of the models is a useful area 
for specific research. 
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The work described in this thesis was carried out under the auspices of a 
Teaching Company Programme in the area of Quality Management, between an 
academic partner - Middlesex University Business School and an industrial 
partner - Courtaulds Packaging, Betts Plastics. The aim of this joint exercise was 
the implementation of a "Total Quality Management" or "Continuous 
Improvement" ethos within the host company. Two associates (one of whom is 
the author), both with previous industrial experience, were recruited for the 
duration of the two year project. 
The host company (Courtaulds Packaging - Betts Plastics) is a multi-site, blue 
chip, injection moulding firm, in the packaging arena. It had a turnover in 
1994-95 of £45 million. Full details of the company are given in chapter 3. 
One of the key areas to be covered, as a part of the implementation methodology, 
was the introduction of quality costing. This was to be used as a tool for giving 
impetus and immediacy to the Total Quality Management project. It was to focus 
senior management's minds by talking in a language they would understand -
money (3). 
During the two year appointment, each Associate was seconded to a senior 
manager in the host company, who acted as the Industrial Supervisor. In the 
case of the author it was Mr. M. Hornby - Operations Director of Betts Plastics, 
Colchester. The Associates wer_e regularly visited by the Academic Supervisor, 
Professor A. Ghobadian - Middlesex University Business School. 
Every quarter a Local Management Committee met to review and discuss the 
progress of each Associate. The committee consisted of an Academic 
Supervisor, an Industrial Partner, and a representative from the Teaching 
Company Directorate, Mr. B. Nuttall - Teaching Company Consultant. This forum 
provided the idea.1 opportunity for exchange of research information and ideas. 
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Chapter Two 
2.0 Introduction 
A comprehensive literature survey covering issues directly related to the 
objectives of the research and peripheral issues of importance was carried out. 
Literature on case studies for the promotion of quality were also included in the 
survey. 
The survey was confined to English language publications, using a list of 
keywords relating to money (Le. cost, profit, economic, etc.) and topics ranging 
from the use of "quality improvement" as a business strategy to the quality-related 
costs associated with specific manufacturing operations. The search was 
primarily confined to quality related literature. 
An analysis of the appropriate literature is presented in this chapter. The chapter 
is divided into the following sections: 
2.1 - What is Quality? 
2.2 - What is Quality Costing? 
2.3 - History of Quality Costing. 
2.4 - Determining the Cost of Quality. 
2.5 - What is Total Quality Management? 
2.6 - The Role of Quality Costing in Total Quality Management. 
2.1 What is Quality? 
This investigation is about "quality costing". Before moving on. to understand 
about the costing of quality it is essential that the term "quality" is fully 
understood. This section will clarify what the term "quality" actually refers to. 
"Quality" has traditionally been regarded as rather a vague and unspecified term 
"I know it when I see it!". It is open to individual interpretation, depending on 
particular areas of interest. What much of the standard literature (3)(9)(10)(11) 
agrees upon is that it is a relationship between the manufacturer and the 
consumer - perceived need verses required usage. 
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Over a period of time a more objective approach was evolved. This uses similar 
criteria to the more aesthetic approach of the past, but in different ways. Th'ere 
are two base criteria: 
i) Manufacturing a well made product, which exhibits a high level of 
workmanship (quality of design); 
ii) Satisfying the specific requirement of the customer (quality of 
conformance) (3). 
Together these comprise a large part of what Juran (1988), in his definition of 
quality, calls "fitness for use" (3). "Fitness for use" is the extent to which the 
product successfully serves the ~urpose of the user. Other definitions of quality 
have, of course, been put forward, such as Feigenbaum's (1983): 
"The composite product characteristic of engineering and manufacturing that 
determines the degree to which the product is used will meet the expectation of 
the customer" (12). 
And that of SS 4778: 
"The totality of features and characteristics of a product or service that bear on its 
ability to satisfy a given need" (9). 
Unspoken in such definitions are other characteristics such as reliability and 
serviceability. Juran does attempt a wider quantitative analysis and 
categorisation of the particular components of the general term "quality", by 
including features such as price and delivery date. He thus defines quality by 
four parameters: quality of design, quality of conformance, availability and field 
service. 
Juran's definition takes into account both an objective standard of manufacturing 
and the customer's personal feelings. Sitting (13), on the other hand, offers a 
different perspective definition of product quality. Sitting says that quality is .. , 
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"the degree to which a specific product is adjusted to the demand which - it is 
intended to satisfy". 
Although Sitting perhaps intended his definition to cover the personally appealing 
aspects of quality, this seems to be a definition of quality of conformance only, as 
no mention is made of features such as taste or craftmanship. It could therefore 
be seen as an entirely objective, quantitative definition of quality. 
Other definitions of quality include: 
- "Quality: The totality of features and characteristics of a product or service that 
bear on its ability to satisfy a given need". (9) 
- "Quality: Is defined by the customer. The customer wants products and 
services that throughout their life meet his or her needs and expectations at a 
cost that represents value". (10) 
- Quality is customer satisfaction, it is conformance to requirements. It is fulfilling 
the customers' needs in terms of affordability; delivery at the right time; safety; 
reliability; and after sales support. It has even been defined as, "never having to 
say sorry to a customer". (11) 
According to Garvin (14) the problem with defining quality is one of terminology. 
Complex concepts such as quality are "difficult to penetrate", as marketing, 
engineering, and manufacturing experts often interpret the term differently. He 
goes on· to state that there is no reason to assume business leaders _and 
consumers will be any more in a~~eement. 
Garvin then outlines eight dimensions or categories of quality that can be 
identified as a framework for analysis: 
1. Performance: The primary operating characteristics of a product. 
2. Features: The secondary characteristics that supplement the product's 
basic functioning. 
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3. Reliability: Reflects the probability of a product's malfunctioning or failing 
within a specified period of time. 
4. Conformance: The degree to which a product's design and operating 
characteristics meet pre-established standards. 
5. Durability: A measure of product life, both technically and economically. 
6. Serviceability: The speed, courtesy, competence, and ease of repair. 
7. Aesthetics: How a product looks, feels, sounds, tastes, or smells. Clearly 
a matter of personal judgement and a reflection of individual preferences. 
8. Perceived quality: Image, advertising, and brand name. Perceptions of 
quality rather than the reality itself can be critical. 
Using his analysis each category is self contained and distinct, for each product 
or service can be ranked high on one dimension while being low on another. 
However, in many cases the dimensions are interrelated. Sometimes an 
improvement in one may be achieved only at the expense of another; at other 
times two dimensions, such as reliability and conformance, may move together. 
Because multiple dimensions allow for multiple strategies, quality competition 
becomes vastly more complex~ 
Where all these definitions seem to be in agreement, however, is in the 
understanding that satisfactory relations between manufacturer and customer are 
essential. If the product can be customer oriented, in the sense of taking into 
account their personal feelings as well as more objective interests, quality will be 
assured. 
2.2 What is Quality Costing? 
The aims of this investigation are targeted towards the use of "Quality Costing" 
techniques within a specific organisation. As such it is important that the 
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terminology, and the concepts behind it, are fully understood before detailed work 
commences. This section will outline what "Quality Costing" is. 
"Quality Costing" is one of several techniques available to assist companies with 
, 
the attainment of top quality. It is important because it expresses quality 
performance in the language of management, i.e. MONEY. This point is made by 
many writers on the subject, to the extent that cash savings appear to be the main 
reason for any form of "quality improvement" (11 )(15)(16). 
According to Dale and Cooper (5) most company executives want tangible proof 
of the need for quality improvement, and indeed the need for top-level leadership 
to attain it. Top management needs to be convinced. One of the means of 
providing this proof is the collection, reporting and use of quality-related cost 
information. This helps to quantify the benefits of quality improvement in 
commercial (and management) terms .. 
Dale and Cooper go on to disagree with quality management protagonists 
(17)(18) who say there should be no need to justify investment in quality 
improvement activities. They put forward the view that; 
"Western organisations and their management are judged over relatively 
, 
short periods of time. Therefore, committing large amounts of money in 
quality improvement programmes without some measure of cost 
effectiveness can be considered a blind act of faith, and is contrary to the 
way in which western businesses operate" (10). 
Richardson (19) makes the same point when he cites an example where 
departmental and general managers were unmoved by quality control data but 
were galvanised into action when the same data was expressed and presented in 
monetary terms. 
So what are quality related costs? They are the money spent attempting to 
achieve a quality level of 100 per cent, plus the money wasted through failure. 
Page 18 
Chapter Two 
But why try to achieve a quality level of 100 per cent? Is not a lower level 
enough? The answer is no, because the ability to make a product "right first time" 
(20) has commercial, motivational, and practical advantages. Also, if an 
organisation does not provide total customer satisfaction a competitor 
undoubtedly will! 
Quality related costs are not, as is sometimes thought, just the cost of quality 
assurance, inspection, test and scrap materials and components. In one of a 
range of booklets published by the DTI as part of its Enterprise Initiative, "The 
Case for Quality Costing" (21), quality-related costs are said to arise from a range 
of activities, all of which impinge on the quality of the product or service. These 
include: 
- sales and marketing; 
- design, research, development; 
- purchasing, storage, handling; 
- manufacturing; 
- delivery, installation; 
- service. 
Clearly suppliers, subcontractors, stockists, agents and consumers all have an 
influence upon the level of induced quality-related costs. 
According to Dale and Plunkett (22), quality costs are important: 
"Because firstly, they are so high ... in 1978 quality costs were estimated by the 
U.K. Government to be £10 billion, equal to ten per cent of the U.K:s gross 
national product. There is no reason to suppose that they are any less now. The 
findings of a' National Economic Development Organisation (NEDO) task force on 
quality and standards published in 1985, claim that some 10 to 20 per cent of an 
organisation's total sales value is accounted for by quality-related costs and, 
using the figure of 10 per cent, it is estimated that UK manufacturing industry 
could save up to £6 billion each year by reducing such costs. Various studies 
and information volunteered by companies have shown that quality-related costs 
commonly range from 5 to 25 per cent of companies' sales turnover. The costs 
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depend on the type of industry, the view taken by the company of what is or is not 
a quality cost, the way the company manages quality, and the extent to which 
continuous quality improvement is practised in the organisation. 
Secondly, 95 per cent of this cost is expended on appraisal and failure. These 
expenditures add little to the value of the product, and the failure costs, at least, 
may be regarded as avoidable. Reducing failure costs by eliminating causes of 
failure can also lead to substantial reductions in appraisal costs. Evidence 
suggests that quality-related costs may be reduced to one third of their present 
level, within a period of three years, by the commitment of the organisation to a 
process of continuous quality improvement. 
Thirdly, unnecessary and avoidable costs make goods and services more 
expensive. This in turn affects competitiveness and, ultimately, wages and 
standards of living. 
Fourthly, despite the fact that the costs are large, and that a substantial 
proportion of them are avoidable, it is apparent that the costs and economics of 
many quality-related activities, including investment in prevention and appraisal 
activities, are not known. It is estimated that fewer than 40 per cent of companies 
know how big their quality costs are. Such a state of affairs is surely indefensible 
in any well-run business" (22). 
The research taking place as an integral part of this thesis addresses the above 
issues within the host company. 
Garvin (23) recognised the need for further research on the subject of quality 
costing when he stated; 
"The greatest need is for studies that recognise the multiple dimensions of 
quality, examine them empirically, and then relate them to cost, market share, 
profitability, and other measures of business performance. More refined research 
is vital; otherwise, managers will continue to lack the hard evidence linking quality 
with the bottom line". 
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This thesis is specifically directed towards the extrapolation of quality costing 
information within a specific sector of manufacturing industry. The information 
generated is intended to be used by the senior management team in order to 
sustain and develop the continuous improvement ethos within the host company. 
As such, the work within this thesis will add partially to the body of knowledge that 
address Garvin' s comments. 
2.3 History of Quality Costing 
The term "quality costs" was first used in western Europe in the early 1960s (26). 
In 1967 the American Society for Quality Control (A.S.Q.C.) published "Quality 
Costs - What and How" (25) in which quality costs were defined only by category 
and by reference to Feigenbaum. This booklet took the quality cost definitions 
from Feigenbaum's book "Total Quality Control" (12), added sources for finding 
cost data and gave advice on what to include or leave out. It also gave advice on 
how not to misinterpret the results. The booklet went on to give advice on how 
the costs should be presented to the management team. 
Other ASQC publications on quality control include: 
- "Guide to reducing Quality Costs" (26), this developed the use of quality costs 
by directing attention to quality improvement projects and to the involvement of 
technical, marketing and purchasing functions in quality matters (it uses the 
Prevention! Appraisal! Failure model- see section 2.4.1). 
- "Guide for Managing Supplier Quality Costs" (27), is an acknowledgement that 
companies actually purchase some of their quality problems. The guide deals 
with vendor control on two fronts: identifying supplier problems through joint 
partnership projects, and motivating the supplier to adopt their own quality cost 
,. 
programme. 
The British Standards Institutes publication - BS 6143 "Guide to the 
Determination and Use of Quality Related Costs" (28) is an abridged version of 
"Quality Costs - What and How". Plunkett and Dale (29), amongst others, 
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discuss in some detail the flaw~, in the British Standard, and in later work (24) 
point out that the criticisms have been taken into account in the revision of the 
Standard by the Quality Management and Statistics Standard Policy Committee. 
The Standard is now entitled "Guide to the Economics of Quality" (13), and is 
published in two parts. The first part of the guide comprises of a Process Cost 
Modelling approach (see section 2.4.2). The second part is a revised version of 
the Prevention! Appraisal! Failure model - see section 2.4.1. 
2.4 Determining the Cost of Quality 
From the literature surveyed there are four main cost classification models which 
will now be examined in turn: 
2.4.1 - Cost Categorisation: Prevention, Appraisal, Failure; 
2.4.2 - The Process Cost Model; 
2.4.3 - Economic Balance of Quality (Optimum Quality Cost); and 
2.4.4 - Total Loss to Society (Quadratic Loss Function). 
2.4.1 Prevention, Appraisal. Failure Model 
Since its proposition by Feigenbaum in 1956, the Prevention, Appraisal, Failure 
(PAF) model has been the principal model for Quality Costing. It was this model 
which was used by the British Standards Institute until 1992. From this date, the 
" PAF model has been one of two included in BS6143, the other being the Process 
model (detailed later). According to Porter and Rayner (31); 
"There is only one widely recognised scheme for categorising quality costs. After 
a review of the literature, Plunkett and Dale, state that, the "Feigenbaum" 
classification is almost universally accepted. (29)" 
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Quality related costs comprise of both the voluntary costs of achieving a desired 
level of quality, and the involuntary costs of failing to achieve it. These are 
respectively called the costs of conformance, and of nonconformance; and 
according to Musgrove and Fox sometimes also "cost of quality" and "cost of 
un-quality" (32). Figure 2.0 below represents the split between conformance and 
nonconformance costs, and the link to the PAF model. 
I Quality Related Costsl 
I I I Conformance Costs I Non-Conformance 
I Costs 
I I 
Appraisal Prevention Internal External 
Costs Costs Failure Failure 
Costs Costs 
Figure 2.0 (27) - PAF Split Between Conformance and Non-conformance Costs 
The definitions of the four kinds of cost (outlined in figure 2.0) which follow, are 
taken from British Standard 4778, "Quality Vocabulary", part 2: 
Costs of Prevention: "The cost of any action taken to investigate, prevent or 
reduce defects and failures. For example the cost of planning, setting up and 
maintaining the quality system." 
Costs of Appraisal: "The cost of assessing the quality achieved. For example, 
it includes the cost of inspecting, testing etc., carried out during and on 
completion of manUfacture." 
Failure Costs - Internal: "The costs arising within the manufacturing 
organisation of the failure to achieve the quality specified. For example the cost 
of scrap, re-work and re-inspection, and also consequential losses within the 
organisation." 
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Failure Costs - External: "The costs arising outside the manufacturing 
organisation of the failure to achieve the quality specified. For example, the costs 
of claims against warranty, replacement and consequential losses of custom and 
goodwill." (9) 
Several elements can be identified within each of the above cost categories. 
There is an "official" list which appeared first in A.S.Q.C. (25) and was then 
adopted by BS 6143 (28). These are detailed below in table 2.0: 
A.S.Q.C. (1970) 8S 6143 (1990) 
PREVENTION 
"" 
PREVENTION 
1 Quality Engineering 1 Quality Planning 
,. 
2 Design & development of quality 2 Design & development of quality 
measurement & control equip measuring & test equip 
3 Quality planning by functions 3 Quality review & verification of design 
other than quality control 
4 Quality training 4 Calibration & maintenance of 
production equip used to measure 
quality 
5 Other prevention expenses 5 Supplier assurance 
- No other costs 6 Quality training 
- No other costs 7 Quality auditing 
- No other costs 8 Acquisition, analysis & reporting of 
quality data 
- No other costs 9 Quality improvement programmes 
APPRAISAL APPRAISAL 
1 Receiving inspection 1 Pre-production verification 
2 Lab acceptance testing 2 Receiving inspection 
3 Inspection & test 3 Laboratory acceptance testing 
4 Checking labour 4 Inspection & testing 
5 Set-up for inspection & test 5 Inspection & test equip 
6 Inspection & test materials 6 Materials consumed during inspection 
& testing 
7 Product quality audits 7 Analysis & reporting of test and 
inspection results 
8 Outside endorsements 8 Field performance testing 
9 Maint & calibration of test and 9 Stock evaluation 
inspection equip 
10 Review of test & inspection data 10 Record storage 
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11 Field performance testing - No other costs 
12 Internal testing & release - No other costs 
13 Evaluation of field stock & spare - No other costs 
parts 
14 Calibration & maint of production - No other costs 
equip used to evaluate quality 
15 Data processing inspection and - No other costs 
test reports 
16 Special product evaluation - No other costs 
17 Test and inspection materials - No other costs 
FAILURE COSTS -INTERNAL FAILURE COSTS - INTERNAL 
1 Scrap 1 Scrap 
2 Rework & repair 2 Replacement, rework or repair 
3 Troubleshooting or failure 3 Troubleshooting or defect I failure 
analysis analysis 
4 Reinspection I re test 4 Reinspection & retesting 
5 Scrap & rework - fault of vendor 5 Fault of sub-contractor 
6 Discrepant material activity 6 Modification permits and concessions 
7 Downgrading 7 Downgrading 
- No other costs 8 Downtime 
FAILURE COSTS - EXTERNAL FAILURE COSTS - EXTERNAL 
1 Complaints 1 Complaints 
2 Product or customer service 2 Warranty claims 
3 Products rejected and returned 3 Products rejected and returned 
4 Returned material repair 4 Concessions 
5 Warranty replacement 5 Loss of sales 
6 Marketing error 6 Recall 
7 Engineering error 7 Product liability 
8 Factory or installation error - No other costs 
Table 2.1 - A.S.Q.C. vs BS 6143 
Writing on the subject of the Prevention I Appraisal I Failure model, Dale and 
Plunkett (33) detail the perceived advantages and disadvantages: 
"Among the general advantages are that it may prompt a rational approach 
to collecting costs and it can add orderliness and uniformity to the ensuing 
reports. Among the specific advantages of this particular categorisation are: 
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i) Its universal acceptance; 
ii) Its provision of relative desirability of different kinds of expenditure; 
iii) That it provides keyword criteria to help to decide whether costs are, in 
fact, quality - related. 
The third point may explain why neither Feigenbaum (12) nor the ASQC (25) 
defines the term "quality costs". Matters are judged to be quality - related if they 
satisfy the criteria set by their definitions of prevention, appraisal and failure. 
Among its limitations are: 
i) the quality activity elements as defined do not match well with the cost 
information most commonly available from accounting systems; 
ii) there are many quality - related activities in grey areas where it is unclear 
to which category they belong; 
iii) in practice the categorisation is often a post - collection exercise done in 
deference to the perceived wisdom on the topic; 
iv) the categorisation seems to be of interest only to quality department 
personnel; 
v) it is not an appropriate categorisation for the most common uses of quality 
related cost information." 
The split into prevention I appraisal I internal or external failure has been done 
purposefully to provide data that may be transformed into information, and then 
used within the decision making process by managers. Over a period of time, as 
the continuous improvement programme gains momentum and starts to show 
tangible results, a graph such as that presented in figure 2.1 should emerge. 
This diagram clearly indicates a change in emphasis in the spending priorities of 
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the company concerned. The overall costs have come down and the distribution 
amongst the four main categories has changed. 
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Figure 2.1 - PAF Model and Improvement Over Time 
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This model will be discussed in later chapters as it forms, in part, one of the key 
methodologies tried out within the host company. 
2.4.2 The Process Cost Model: 
The Process Cost Model was developed by Ross (34) as the "computer aided 
manufacturing integrated programme definition methodology" (IDEF), and was 
first used by Marsh (35) for quality costing. Using this model the Cost of 
Conformance (COC) and Cost of Nonconformance (CONC) are identified, the 
latter being intended as a "catalyst for improvement". COC and CONC are 
defined in BS 6143: Part 1 (31) as: 
"COC - The intrinsic cost of providing products or services to declared 
standards by a given, specified process in a fully effective manner. 
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CONC - The cost of wasted time, materials and capacity (resources) 
associated with a process in the receipt, production, despatch and 
correction of unsatisfactory goods and services". 
The process model is put forward as a method for quality costing within Total 
Quality Management (TQM) as it presents a more integrated approach to quality 
than the Prevention, Appraisal and Failure model. 8S 6143 goes on to say: 
"Historically, the concept of a Quality Cost model has suggested that certain 
identifiable costs are in some way related to the "Quality" of the end result. 8y 
contrast, within the total quality management culture, all business activity is 
related to processes and therefore the Cost model should reflect the total costs of 
each process rather than an arbitrarily defined cost of quality" (36). 
The standard states that the Process Model can be applied to any activity, from a 
"particular work stage" to the "overall business". 
The model essentially involves breaking down all the activities of a company, 
both internal and external, into interlinked "processes", each process having 
inputs and outputs, see figure 2.2 below. Some of these are desirable, some not. 
For example, 8S6143 suggests a key activity for a personnel department is 
training, and for training as a process the cost of conformity is the actual cost of 
training. The cost of nonco~formity therefore is the cost of cancellation of 
training. 
CONIROLS 
... ... ,. ,. 
INPUTS PROCESS OUTPUTS 
~ ... 
,. , 
r 
RESOURCES 
Figure 2.2 (38) - Process Model Representation 
This model is described by Dale and Plunkett (1990): 
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"The methodology focuses on departmental objectives and process 
ownership, and helps people to identify the costs of conformance for which they 
have responsibility. A model of each process is developed. This identifies all the 
parameters and activities within that process to be monitored and in which area of 
the two costs they fall. The British Standards Institution is to be applauded for 
including this methodology in the revision of BS 6143. This will help to extend the 
concept of quality costing to all functions of an enterprise and to 
non-manufacturing organisations. It also gets people to consider in more detail 
the processes being carried out within their organisation" (24). 
A claimed advantage of this method is that costs do not have to be identified and 
categorised as prevention, appraisal, or failure, which can be difficult. 
According to Musgrove & Fox (32) categorisation may be unnecessary, but the 
identification of process elements is essential. Categorisation is said to be 
helpful because it reminds the collector that costs classed as failure are all 
potentially avoidable, and can therefore be classed as recoverable. 
According to Rawlins (37) the process model is very appropriate for use within a 
Total Quality Management environment, and will allow the collection and analysis 
of quality costs in both manufacturing and service functions. Reporting the 
results of her findings she identified a number of important points. These were: 
, 
i) Process flowcharts have proven to be an effective method for modelling 
business processes. This method facilitated improved understanding and 
better interdepartmental communications. 
ii) The workshops encouraged active participation in the design and 
implementation of the quality cost system, and proved to be a major factor 
in the high level of "ownership" of the system. 
iii) The participative approach to the implementation of the system appeared 
to encourage a high degree of honesty with time bookings. Data collected 
during the first two runs of the process model does not appear to have 
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suffered the distortion experienced with the old (prevention I appraisal I 
failure) system. 
iv) The system has successfully identified priority areas for improvement 
activities, indeed a detailed analysis of raw data has enabled the 
pinpointing of specific nonconformances. This data will also provide a 
benchmark against which improvements can be quantified. 
Dale and Plunkett (38) take an opposing view: 
"It should be noted that whilst this method (process costing) facilitates 
ownership of the costs by each department they sometimes fail to identify those 
costs which occur between departments. Consequently, some costs are not 
identified and even if they are, difficulties are encountered in persuading 
departmental managers to take responsibility for their ownership and subsequent 
reduction. It can also lead to departments attempting to minimise their costs at 
the expense of other departments, so ultimately the benefits to the organisation 
as a whole are diminished. Cross-functional co-operation is necessary if quality 
costing is to be a success and perhaps this method is not particularly apt in 
facilitating co-operation of this type". 
This model will also be discussed in later chapters as it forms, in conjunction with 
the previous model, one of the methodologies tried out within the host company. 
2.4.3 The Economic Balance of Quality (Optimum Quality Cost) 
British Standard BS 4778 defines economic quality as; 
"The economic level of quality at which the cost of securing higher quality 
would exceed the benefits of the improved quality". (9) 
This concept was illustrated in the original BS 6143 (28) by figure 2.3: 
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Graph of Quality Costs - taken from BS 6143 (1981) 
As mentioned before, quality costs can be divided into the COC and CONC, 
these in turn can be subdivided into "appraisal and prevention", and "external 
failure and internal failure". 
The definition for the Economic 'Balance of Quality, according to Musgrove and 
Fox (31) , proceeds as follows: 
"If there is little or no investment in conformance costs, quality is likely to be poor: 
i.e. nonconformance costs will be high. If more money and resources are 
invested in conformance activities; nonconformance costs will decrease, quality 
will improve. The more quality is improved, the harder it will be to produce further 
improvement. For example it may cost 2Sp to eliminate each defective 
component, compared to a sales. value of 22p! At such a point, the conformance 
cost introduced is greater than the nonconformance cost it is intended to 
eliminate; improvement activity becomes uneconomic. 
There therefore exists a point at which the sum of conformance and 
nonconformance costs is at a minimum". This is the point of Economic Quality, 
as indicated in figure 2.4 (32). 
However, Hutchins (39) takes an opposing view: 
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"Protagonists of the model (outlined above - Musgrove and Fox) suggest that 
continuous and progressive reductions in quality costs will eventually lead to a 
situation where an optimum value is reached, beyond which the overall costs will 
rise. For example, in figure 2.3 the company would move from position A, 
through position B to position C. If this were the case, the optimisation of quality 
costs would be a very simple matter: move from A in the direction of B until the 
costs began to rise again. Then, put the brakes on, and say: "we have achieved 
quality". There is no evidence from anywhere in the world, even from Japan, that 
this has been achieved or even claimed. Surely, if the argument were valid, it 
would have happened by now! 
The answer is that the argument is severely flawed. There is and can be no such 
optimum value. The relationship described cannot occur as described in the 
model because it takes no account of the relative positions of competing products 
or services and their influence on consumer tolerance of lower quality levels. The 
fact is that in the correct form of this model, the "best" producer will always be at 
the optimum quality level, irrespective of other considerations, because by 
definition that is what the customer wants. Therefore, it follows in the quality cost 
argument that the performer who has achieved the best overall mix of desirable 
product or service features, value for money and profitability will always be at the 
optimum point, and will remain there until someone else does something better, 
which will only be a matter of time if the currently best performer makes no 
improvements" (39). 
If the Economic Balance of Quality concept has not been proven by empirical 
research, it would make little sense to put it forward as a hypothesis to adopt as a 
methodology. The concept will be discussed within chapter eight of this thesis. It 
is apparent that many of the texts on quality costing, while sound in the theory 
and intention, lack certain elements in the practical implementation of various 
models. 
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2.4.4 "Total Loss to Society" Model ("Quadratic loss function") 
This is essentially a Japanese perception of quality - related costs, promoted by 
Genichi Taguchi. His definition of quality is "The loss imparted to society from 
the time a product is shipped" (40). 
Loss can be one of two things: either loss caused by variability of function 
(of the product), or loss caused by harmful side effects. This is an unusual 
definition, firstly in that it defines quality in a negative sense - lack of quality. 
Secondly, that it only measures the impact of the finished product: avoidable 
costs and wastage occurring within the manufacturing plant are not included by 
Taguchi. 
In an example taken from Cullen and Hollingum (4), Taguchi argues that any 
departure from a specified target value imparts a loss. One example is the 
AC-DC converting circuit used within a" television set, where (in Japan) the AC 
input is 110 volts, and the DC output is set at plus or minus (+-) 115 volts. These 
are the target values, and tolerance limits of +- 15 volts may be set around them. 
However, if one had the choice of taking converters from a factory which is 
supplying them within the 15 volt limits, or from a factory which is supplying them 
within 8 volt limits, one would choose the latter, other things being equal. 
Taguchi uses this example to underline his point that any variation from the target 
value incurs a loss, and that this loss becomes greater the more the product 
deviates from its target value. He has found in practice that the loss frequently 
approximates to the parabolic form shown in figure 2.5, which he calls the 
quadratic loss function. 
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Loss 
Parameter Target 
Figure 2.5 (43)-
Taguchi's quadratic loss function. Any departure from target 
value of a parameter invloves a loss to society 
Cullen and Hollingum (41), in discussing this approach, maintain that quality is 
primarily concerned with reducing variability. This in itself is far more important 
than simply being within specification. 
Taguchi quotes the case of a manufacturer of vinyl sheeting for agricultural use. 
The manufacturer found he was able to reduce his process variability by 90 per 
cent, so that instead of producing to a thickness tolerance of +-0.2mm, he could 
keep within +-0.02mm. To minimise his costs he therefore adjusted the average 
thickness down to the bottom end of the range accepted in his specification. The 
result was that the vinyl sheet became much more prone to tearing, and resulted 
in heavy losses to the farmers in damaged crops. For the relatively small saving 
made by the manufacturer, there was a much greater loss to society as a whole, 
and to farmers in particular. 
Taguchi describes such action by a manufacturer as "more immoral than the 
actions of a thief', because when the thief steals 10,000 Yen the victim loses 
10,000 Yen and society is no worse off. But a manufacturer who moves his or 
her process mean to the bottom of the specification range imposes a much larger 
loss - say 20,000 - on his or her customers so that he or she can make a 10,000 
Yen profit. 
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The Total Loss to Society model appears to be more culturally specific than the 
other models mentioned briefly here. It will undoubtedly come to the forefront in 
the West over the course of the' next few years. 
2.4.5 Common Characteristics of the Cost Models 
Table 2.1 details the four main costing models. The common characteristics of 
the models are detailed briefly within the third column. 
Cost Model Essential Elements Common Elements 
PAF Model. - Site or dept specific. - Site or dept specific. 
- 4 main categories (P, A, - Uses a set "formula". 
Fi, Fe). - Can be individually 
- Many individual cost tailored. 
elements. - Generally accepted. 
Process Cost Model - Site or dept specific. - Site or dept specific. 
- Individual process steps - Uses a set "formula". 
identified. - Can be individually 
- Inputs & outputs of each tailored. 
process step identified. - Generally accepted. 
- 2 main categories (COC, 
CONC). 
Economic Balance of - Site or dept specific. - Site or dept specific. 
Quality Cost Model - 2 main categories (COC, - Uses a set "formula". 
CONC). - Can be individually 
- If no investment in COC tailored. 
CONC will be high. - Not generally accepted. 
- If invest in coe CONC 
will decrease. 
Total Loss to Society Cost - Identifies loss imparted - Focused upon the effect 
Model to society from the time a the end product has upon 
product is shipped. This society. 
through either: - Not generally accepted. 
- variability of function. 
- harmful side effects. 
Table 2.1 - Common 
Characteristics of Qualit~ 
Cost Models. 
Chapter four, section 4.2, details the models chosen for testing within the host 
company from those outlined above. 
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2.5 What is Total Quality Management? 
Total Quality Management (T.Q.M.) is a phrase which has evolved within the past 
two decades. It is still not widely understood by British industry, but elements of it 
are becoming more and more widespread, as its effect becomes known. Below 
are some of the standard definitions given by various quality gurus. 
TQM is referred to by Feigenbaum (12) as "Total Quality Control" which 
encompasses the four principles of control: setting standards; appraising 
conformance to these standard,s; acting to ensure standards are met; and 
planning for improvement in standards. Feigenbaum suggests that this provides 
an integrated operating system for managing all functions within the organisation. 
Oakland (42) states that TQM is an approach to improving the effectiveness and 
flexibility of business as a whole, and is a method of ridding peoples lives of 
wasted effort by involving everyone in the process of improvement. 
Ishikawa (43) uses the term "Company-wide Quality Control". This describes the 
involvement of all functions within the organisation in managing quality. Ishikawa 
makes use of the customer-supplier relationship within the company, stressing 
that every member of the company has both a supplier and a customer. This 
approach is designed to encourage cross-fertilisation between departments and 
sections within the company in order to optimise the value added to the product 
offered to the end-user. 
Dale (44) sums up the above views, and more, when he maintains that "despite 
the divergence of views on what constitutes T.Q.M. there are a number of 
common threads running through the various definitions. These include everyone 
in. the organisation is involved in improving on a continuous and never ending 
basis the processes under their control; each person is committed to satisfying 
their internal and external customers; teamwork is practised in a number of forms; 
the development of employees through involvement; participation by everyone in 
the business is positively encouraged and practised; and customers and 
suppliers are integrated into the improvement process". 
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Dale goes on to state that the implementation of TQM should be referred to as a 
process and not a programme. This is because "any organisation that claims 
they have achieved TQM will be overtaken by the competition. Once the process 
of quality improvement has been halted, under the mistaken belief that TQM has 
been achieved and the ideal state reached, it is much harder to restart the 
process and gain the initiative of the competition" (45). 
2.6 The Role of Quality Costing in Total Quality Management. 
Fact based decision making is an integral part of T.Q.M., as is the establishment 
of standards, effective feedback and communications. These crucially depend on 
the measurement of appropriate variables. In fact, effective data collection, 
analysis and measurement is a necessary condition for the implementation of a 
successful T.Q.M. programme (46). 
As part of an ethos of T.Q.M. or Continuous Improvement, "Quality Costing" may 
be used at a number of different levels to produce such data. It may be used to 
compare the quality cost performance of one plant or production line with 
another. Not in an effort to berate people, but to educate and transfer successful 
I 
techniques and ideas within organisations. 
In being able to monitor trends in quality costs valuable information, not data, 
becomes available to management. This c~n be used as a sound base for 
decision making. It allows for the budgeting of future quality conformance costs; 
setting of improvement goals; deciding upon which quality costs need to be 
reduced; and deciding where more investment in prevention could produce 
quantifiable savings. It ultimately gives management the required information to 
formulate strategy. 
A common theme of success or failure with quality improvement programmes is 
the issue of measurement. In many ways the financial indicators used in many 
businesses have remained static while the environment in which they operate has 
changed dramatically (47). Therefore for any improvement programme to 
succeed relevant financial indicators are essential. 
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According to BS 6143 (28): 
"The first step in any improvement programme is the identification of quality 
problems, and a problem in this context is defined as an area of significantly high 
quality costs. Every problem so identified by quality costs provides an 
opportunity for greater customer satisfaction and profit improvement. 
The quality costs proposals made in this guide (BS 6143 - 1983) form a sound 
basis for such an approach. Their application will be most effective when 
conducted within the framework of an appropriate company strategy, backed by a 
committed work force, and supported by sound quality costs procedures". 
Typical Quality Cost estimates are found to be as much as 25 per cent of turnover 
(20), and the first attempts to estimate the quality related costs are prone to gross 
under estimation: Crosby suggests 30 per cent of the true value. The reasons 
for this are as follows: the information has not been collected previously, the 
figures are therefore difficult to find, and sometimes inaccurate; those collecting 
the information sometimes assume that "quality costs" are simply the costs 
incurred in running the quality department itself; often the costs resulting 
indirectly from rejected and scrapped work in progress are overlooked. 
The importance of measurement is recognised by many of the quality awards. 
Measurement is an integral element of the Malcolm Baldrige, European, 
Australian, and Canadian quality awards. The quality measurement system has 
many roles to play: to provide feedback for driving improvement efforts; to provide 
standards for establishing comparisons; to highlight quality problems and 
determine which areas require priority attention; to give an indication of the costs 
of poor quality; and to justify the use of resources (42). 
The actual collection of the costs incurred in running an organisation is usually 
seen as being the job of the finance department, and more specifically the 
management accountant. Quality costs have not been treated as an issue for 
management attention in the past, and the costs have not been routinely 
collected. It is therefore often difficult to extract them from the management 
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accounts and to use the information generated effectively. In practice the 
, 
collection of quality related costs usually falls to the quality department itself, at 
least to start with. 
The finance department needs to be involved in order to do the following: 
demonstrate what the exercise is trying to achieve; discover where the difficulties 
lie in presenting the information in a desired format; ensure the quality cost figure 
determined by the exercise will be fully supported. Finance can also aid in 
producing figures which are valid within accepted limits of uncertainty, without 
wasting effort in establishing unnecessary levels of accuracy. 
Once collected with the full support of the finance department, presenting the 
findings to senior management in order to educate is the next task. 
Musgrove and Fox (32), suggest that when done in the correct manner, the 
following gains are possible: 
i) Some measure of quality, and savings potentially available; 
ii) A means of comparison between product and product, production unit against 
production unit, and possibly between the company and its competitors; 
iii) A base line against which future goals can be set, and improvements 
measured; 
iv) Encourages the acceptance of quality cost data gathering as a routine 
financial activity. 
Essentially the ability to justify improvements on a cost basis will, to a certain 
extent, guarantee the success of any improvement initiative. People do listen 
when money is involved, this therefore makes it a very valuable tool when used in 
the correct manner. Deming (48) stated that "if it is not measured it would not 
happen". 
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Simple measurement and dissemination of results often leads to improved 
performance. At Texas Eastman, management supplies the operators with an 
income statement that shows the employees how their decisions affected the 
bottom line. Once employees were given this information, unit's profits doubled 
in four months and quality measures improved by 50 per cent (50). The fastest· 
and best way to improve performance is to provide feedback from both the 
external and internal customers. Once quality measures are established and 
reported to employees, an immediate and permanent improvement in 
performance typically results (51). 
2.7 Conclusions 
The value of cost data should not be underestimated. Costs are a most effective 
way of drawing attention to situations in ways that other data cannot. 
Unfortunately, the whole process of definition, collection, reporting and use of 
quality related costs has not yet developed enough so it can be used in the way 
many other costs are. Size and proportion of costs can be used successfully as 
criteria for deciding whether to act, what resources should be committed and the 
ordering of priorities. 
Within this chapter a number of cost models have been described. This thesis 
will explore the use to which a number of them may be put to within a specific 
industry. 
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3.0 Introduction 
This chapter aims to introduce the host company, its systems and structures to 
the reader, as well as providing an outline of the plastic injection moulding 
process. The information presented was gathered through analysis of various 
documentation and participative observation. 
The chapter outlines the company systems and gives a general overview of the 
plastic injection moulding industry. This will help to provide the necessary 
background to the specifics of the research, which will aid the understanding and 
therefore the potential utilisation of the research itself. 
The chapter is divided into the following sections: 
3.1 - Company Background. 
3.2 - The Wrexham Site. 
3.3 - Plastic Injection Moulding 
3.4 - Outline of Manufacturing Production Techniques. 
3.5 - Quality Assurance within the Company. 
3.6 - Betts Plastics Continuous Improvement Drive. 
3.7 - Outline of Present Accounting System. 
3.8 - Quality Costs within the Company. 
3.1 Company Background 
This section will outline some of the specifics of the host company. It also details 
briefly the market sector within which the company operates. 
Betts Plastics is an operating division of Betts and Company, which is a wholly 
owned subsidiary of Courtaulds Packaging. Courtaulds Packaging in turn, is a 
wholly owned subsidiary of Courtaulds Plc. 
Courtaulds Plc employs 21,000 people and operates in 41 countries specialising 
in the manufacture of products for protection or decoration in a wide range of 
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environments. The company operates in five broad business areas: coatings; 
performance materials; packaging; chemicals; fibres and films (see figure 3.0) . 
In the financial year 1993-1994 it had a turnover of approximately £2 billion. 
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Figure 3.0 - Placement of Host Company within Courtaulds Plc 
Courtaulds Packaging employs 1,600 people and it had a turnover of £116 million 
in the financial year 1993-1994. It produces both rigid and flexible packages and 
has manufacturing facilities in the U.K. and the U.S.A. 
Betts and Company was acquired by Courtaulds in 1958. It employs 570 people 
and its turnover in the financial year 1992-1993 was £42.5 million. The company 
manufactures closures, thin wall' containers and pharmaceutical products for the 
food and beverages, pharmaceutical, cosmetic and toiletry industries. Betts 
Plastics, within which this research project is based, employs 380 people. 
Over the preceding thirty years Betts Plastics has developed an unrivalled 
capability in injection moulded plastic packaging (it produces in excess of two 
billion mouldings per year). The company has an extensive research and 
development facility, as well as access to Courtaulds Packaging Technology 
Centres at Bristol and Coventry which specialise in applied chemistry and 
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polymer science. In addition, there is an expertise exchange agreement with 
. 
Knight Engineering in the United States (a Courtaulds Company) and a close 
relationship with its sister division Betts Tubes, which specialises in the 
production of plastic, aluminium and laminate tubes. 
The company has made substantial investment at its manufacturing centres in 
Wrexham and Colchester, each centre incorporating the latest moulding and 
automatic assembly techniques using automatic moulding lines, robotic handling, 
in-line testing and visual inspection. In order to meet the increasing demand from 
pharmaceutical and medical companies for contamination free products, both 
sites have clean room manufacturing facilities. 
Betts Plastics also performs a number of "finishing" operations (decoration), 
which include: silk screen printing, embossing, wadding, foil blocking, and the 
, 
application of tamper evident solutions. 
The customer base is large. Some of the more high profile customers include: 
Boots Contract Manufacturing, Pitman Moore, Johnson & Johnson, Sara Lee, 
Glaxo, Fisons, Upjohn, Proctor & Gamble, Pfizer, Robert McBride, Elida Gibbs, 
L'Oreal Golden and Bristol Myers-Squib. 
3.2 The Wrexham Site 
The Wrexham site was acquired by Courtaulds in 1978. In 1989 the decision was 
made to expand and in 1990 the new purpose built factory was completed. It is 
located adjacent to the original site. In 1991 a project to build a clean room within 
the manufacturing site was started. The project was completed in 1992. 
The site is currently at stage two in a three stage development. Stage one saw a 
purpose-built factory constructed with floor area of 4645 square meters, 61 
employees, 23 moulding machines, and 6 finishing machines. The key aspects of 
. 
the site were the automated raw material handling system (polymer granules 
drawn under vacuum directly to the moulding machines) and the automated 
Page 44 
Chapter Three 
product handling system (components transferred from conveyors to plastic tote 
bins, then picked-up by Automated Guided Vehicles - A.G.V.s). 
Stage two, the current status of development, sees the site grow to 6039 square 
meters, 96 employees, 34 moulding machines, have a class "J" clean room (this 
refers to a 10,000 particle air count, taken within one square meter of air), 6 clean 
room moulding booths, and 11 finishing machines. 
Stage three, for which the capital has already been cleared by Courtaulds and is 
proposed within the next three years, will see the site expand still further to 7432 
square meters, employ 130 people, have 55 moulding machines, 22 clean room 
moulding booths, and 14+ finishing machines. 
The Wrexham site has three departments: Personal Health Care (P.H.C.) - where 
components are moulded; Finishing - where moulded components receive 
secondary treatment; and the Clean Room - where items are moulded and 
assembled for a range of pharmaceutical customers. 
3.3 Plastic Injection Moulding 
In order to appreciate some of the technical detail discussed in later chapters it is 
important here to outline the actual process of plastic injection moulding. 
More thermoplastic products are produced using injection moulding than by any 
other process. A diagrammatic representation of the process is shown in figure 
3.1. Raw material in the form of cold granular plastic is fed by gravity from a 
hopper into a chamber containing a large rotating screw. As the screw turns, the 
granular plastic is forced through a cylinder and is heated to between two and 
three hundred degrees centigrade. The heaters are generally of the electrical 
resistance or induction type and can be regulated to the desired temperature to 
suit the type of plastic in use. 
The screw performs a dual function, while rotating it fully plasticises and 
homogenises the raw material and at the same time it act as an injection ram, 
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Figure 3.1 Principle of Plastic Injection Moulding 
moving back and forth within the injection moulding cylinder. During the start-up 
cycle the screw rotates and conveys the granular plastic, which is being heated 
by the cylinder and mechanically worked throughout the length of the screw, to 
the front of the cylinder into the injection nozzle. 
At the injection stage, the plasticised material is forced into the mould cavity by 
means of the screw acting as a hydraulic ram through the injection nozzle, seated 
against the mould, this allows the molten plastic to enter the closed die cavities 
through suitable gates and runners. The die is cold, therefore allowing the plastic 
to solidify almost as soon as the mould is filled. To ensure proper filling of the die 
cavity, the plastic is forced into the mould rapidly and under considerable 
pressure. While the mould is being opened, the parts are ejected. The mould 
then closes as the material for the next part is being heated. The cycle then 
starts again. 
3.4 Outline of Manufacturing Production Techniques 
The Wrexham site is quite unique in its operating principles. As such it utilises 
the most modern equipment available to optimise the efficient production of 
plastic injection moulded components. It is, therefore, important to describe this 
operation in order that later discussion may be fully understood. 
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The chart depicted in figure 3.2 represents the manufacturing process for 
personal health care, and the feed of components into the finishing department. 
The natural granulated plastic and Masterbatch dyes (colorant) arrive at the 
factory by road transport, where they are stored in specific silos. The raw 
material is then ready for the injection moulding process, and is drawn under 
vacuum to individual moulding machines (this process is controlled by a 
computer system). 
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Immediately prior to being deployed into the injection barrel, the colour match is 
made. This is done at the moulding machine using Colortronic mixing equipment. 
Components are produced at the injection moulding machines, then picked up by 
the AG.V. system. This system transports the moulded product to an automated 
packing line. The product is placed on the line, travels a short distance on rollers 
to a tipping station, and is deposited into automatically made cardboard boxes 
(lined). The boxes are sealed then placed in the required pallet location. From 
here the product either goes out as finished goods or is put into 
Work-In-Progress (W.I.P.) before undergoing a secondary "finishing" operation. 
Bulk Material Bags 
Day Silos (6) 
11 11 11 11 11 Colortronic Mixers (6) 
+ +.+ + + 
•••••• Moulding Machines (6) 
.~ . 
Manufacturing Process 
- The Clean Room 
Lazer Guided Vehicle (L.G.V.) 
System (2) 
Mini Store (2000 locations) 
Assembly Process (4 Different Machines) 
Finished Goods Figure 3.3 
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The process flow for the Clean Room, demonstrated in figure 3.3, is somewhat -
similar, although in this instance the specialist raw materials are delivered in bulk 
bags. These are then decanted into the six dedicated silos (each moulding 
machine has its own material silo). From here the material is drawn under 
vacuum to the individual moulding machines (again controlled by the computer 
system). Components are produced at the injection moulding machines then 
picked-up by the Laser Guided Vehicle (L.G.V.) system. This system transports 
components to the mini-store where they are placed in one of 2000 locations and 
held as W.I.P. When required for assembly, specific components are called out 
and transported to the dedicated assembly machine at which they are needed. 
Once assembled, tested, and passed off to a rigorously high standard, the 
components are shipped out as finished goods. 
The Clean Room is a manufacturing area that has a controlled environment of 
which access and egress of personnel is strictly monitored. Wrexham's Clean 
Room is class "J" or class 1 0,000. This refers to the particle air count which 
must not exceed 1 0,000 microns within one square meter of air. This is the 
highest standard possible with people and assembly machines within the same 
area. Essentially the Clean Room is a completely separate production 
environment, and is treated as such during the cost collection phases of this 
research work. 
The Finishing Department (as depicted in figure 3.2) within the main factory is 
dedicated to performing secondary operations to moulded products. This may 
take the form of decoration with the customers logos, instructions, or a range of 
embossing, printing, or perhaps foil blocking. There are ten individual Finishing 
Machines that perform a variety of tasks. Simple assembly work also takes place, 
for example, the production of tops for talcum powder bottles. 
Any rejects or scrap created as a by-product of the manufacturing process is sold 
to another company for reuse on lower grade products. 
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3.5 Quality Assurance within the Company 
The following section will detail the philosophy behind the host company's 
approach to quality and the systems it utilises in this particular arena. This is 
considered important as reference is made to specific areas when discussing the 
methods used to collect quality cost information. 
It is important to recognise that quality is an individual issue for specific 
organisations. All companies need to tailor their objectives, strategies and goals 
in order to suit their respective organisational cultures and market positions. The 
foundation of an improvement culture must include a policy statement on the 
above. This states clearly and concisely what is expected of all employees, as 
well as the products and services delivered to customers (52). 
Following from the above, Courtaulds Packaging - Betts & Company, in keeping 
with most other large multi-site organisations, has its own company charter. This 
is on display at each of the companies production centres and on the reverse of 
all company business cards (Figure 3.4). 
Figure 3.4 
- Betts Charter 
8etts & Company 
CHARTER 
The aim of our company, simply stated, is to be 
'THE BEST' 
o meet our customers' needs faster, better and more distinctively than international competition 
based upon Service and Quality. 
What you want, when you want it, better than you thought possible. 
We are committed to continuous improvement in Communication, Environment, Manufacturing, 
Training and Health & Safety. 
Through this aim it is our belief that true partnerships Vllill be forged Vllith customers, employees, 
suppliers and the community, based upon genuine mutuality. 
The responsibility for quality assurance within Courtaulds Packaging, Betts 
Plastics (Wrexham) , lies with the quality department. Quality assurance is also 
directly linked with the production operatives, as will be discussed later. The 
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quality department's actual responsibilities break down into a number of specific 
areas. These are: 
1. BS EN ISO 9000 - The operation and modification of the procedures laid down 
in the sites Quality Manual. (Both the Wrexham and Colchester sites are 
registered to BS EN ISO 9001. Both Clean Room operations approved to the 
B.S.I. Pharmaceutical Code of Practice). 
2. Complaint Administration - Speedy resolution of customer complaints and 
regular review meetings to study the effectiveness of the system. 
3. Quality Systems - The initiation, development and auditing of modern quality 
methods to detect and resolve manufacturing problems prior to them causing the 
manufacture of defective parts. This will include the development of the 
a-Discipline problem solving technique (see appendix 1 b), Statistical Process 
Control, and Failure Mode and Effect Analysis. 
4. Problem Identification - The site quality department creates systems that will 
identify chronic manufacturing problems, areas of waste, effectiveness or 
ine~~ctiveness of administratior) and paperwork, etc. 
I 
r 
5. Customer Interface - The Quality Manager organises regular meetings with all 
/ 
/ site customers to ensure that the quality systems within the operation are in line 
or better than customers' expectations. This also allows the Quality Department 
to identify much earlier changes in customers' quality demands. The' Quality 
Department is also responsible for achieving the company's goal that every 
employee within the business visits at least one customer per year. 
6. Communications - The Quality Manager is responsible for ensuring that clear 
and regular "quality" information is supplied to all company employees, with 
regard to the products that the Division manufactures. 
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7. Quality Costing - A system of quality costing that clearly indicates the total cost 
of quality from each department within the company. 
Within the company structure there exist a number of individuals who work 
specifically within the quality department. At each site a Quality Manager works 
with a team of four people to fulfil the above responsibilities. Two of these 
individuals work full-time within the Clean Room environment, the other two 
working across the rest of the site (Personal Health Care and Finishing). Liaison 
also exists with the central laboratory function, based at the host company's other 
site. 
One of the many systems put in place to maintain consistently good product 
quality is the Component Pass-Off procedure. This procedure specifically details 
what is to be done before any job is considered ready to go into full production. It 
requires the moulding machine operator, the moulding tool setter, the moulding 
machine material handler, and the moulding-machine technician to conform to 
certain set criteria during the set-up of a machine, prior to commencement of 
production. This is applied for the personal health care area, the finishing 
department, and the clean room (appendix 1a). 
Onp~ the job is passed for production it is handed over to the operator 
;' 
r~sponsible (some of the operators are responsible for up to fourteen machines). 
/ 
/The, operator continuously inspects product quality, but is called to formally 
acknowledge this on a two hourly basis on a simple but effective audit sheet 
(appendix 1 a). This sheet, in conjunction with a visual attribute sheet, asks the 
operator to sign off production during the lapsed time period as conforming to 
certain pre-set job specific criteria (appendix 1 a). 
These records have a number of purposes. They allow any operator to determine 
how effectively a particular machine has been running and to assist the 
technicians when they problem solve. They are kept for a period of three months 
in order to aid traceability of any particular problem, and essentially form a 
production log for individual components. 
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3.6 Betts Plastics Continuous Improvement Drive 
The host company's continuous improvement initiative was an intrinsic element of 
the quality costing research which forms the basis of this thesis. This section will 
briefly detail this enterprise. 
The continuous improvement drive, as already stated in chapter one, started as a 
collaboration between Betts Plastics and Middlesex University Business School 
(M.U.B.S.). The aim was to develop a workable methodology for the introduction 
and sustainment of a "Continuous Improvement" programme at the host company. 
The initial approach adopted was developed at M.U.B.S., then modified to fit 
Betts's requirements. It was decided to pilot the model in one manufacturing area 
before application within the whole company. In accordance with the proposed 
methodology, a steering committee was established to determine priorities and 
plan implementation. This process produced an implementation blueprint. 
The above programme was initially part of a Teaching Company Scheme that 
commenced on 1 January 1993, under which two Teaching Company Associates 
(T.C.A:s) were employed. The author of this thesis was one of the two T.C.A:s 
who facilitated the project for the duration of the two year partnership, before 
being appointed Quality Manager of the Wrexham site. 
The implementation methodology was developed at Middlesex University 
Business School (53). The fish bone diagram (figure 3.5) depicts the five key 
elements of the Middlesex approach: market focus; process focus; people focus; 
communication and measurement; and management process. This methodology, 
unlike those proposed by Oakland (42), Juran, Crosby, and Deming (Ghobadian 
and Speller, 1994) is neither sequential or prescriptive (54). The improvement 
initiative under each major heading is identified by the host organisation, from this 
an implementation plan is developed. 
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Figure 3.5 -The Salient Elements of Continuous Improvement 
Shortly after the start of the Teaching Company programme, the Managing 
Director at Betts set up a steering committee to oversee the company wide 
implementation of continuous improvement. This committee considered the 
approach proposed by Middlesex and redefined the five key elements in line with 
the operational characteristics of the company (figure 3.6). 
Market 
Focus 
Planning 
Manufacturing 
Process Focus 
Product 
Development 
Communication 
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Continuous 
Im provement 
Figure 3.6 - Betts Plastics Elements of Continuous Improvement 
The committee's work produced a definitive document which would guide the 
initial improvement within the Containers manufacturing area. This was the first 
Page 54 
Chapter Three 
"blueprint" (figure 3.7) for the implementation programme to. be published within 
the company. The specific steps within the above blue print are shown below: 
1. Initial audit of the Containers operation. 
2. Introduce Containers personnel to the concept of continuous improvement 
via presentations. 
3. Employ brainstorming sessions to gather suggestions for improvement 
projects. 
4. Perform a communication audit to establish the current state of the 
documentation system. 
5. Perform a supplier review. 
6. Use news sheets to communicate the continuous improvement message. 
7. Arrange visits to customers for employees, to establish stronger links. 
8. Introduce machine monitoring. 
9. Introduce scrap graphs. 
10. Perform a customer survey to ascertain customer perceptions. 
11. Form continuous improvement teams. 
At the same time, the steering committee established a number of measures 
which would be used to monitor the success of the various initiatives. Emphasis 
was placed on establishing positive measures that could be related to by all 
company personnel. Such measures included reduction in scrap, percentage late 
delivery, and percentage first time quality. 
The five steering committee project groups analysed the initiatives currently 
taking place within the specific areas. They had full responsibility for ensuring 
those initiatives considered essential were completed as quickly as possible. 
Prior to any action taking place, the group leader presented the outline, and 
objectives, of new initiatives to t,he steering committee. It was the committee's 
role to prioritise limited resources to achieve the best results. 
Ten months into the project the decision was taken to go company wide with the 
original pilot programme in Containers. At this stage the author of this thesis 
transferred to the Wrexham site to take charge of the continuous improvement 
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initiative there, while the other :reaching Company Associate remained at the 
Colchester site to continue the work already started. 
The Wrexham continuous improvement initiative can best be summed up by use 
of a flowchart (figure 3.7). This was developed in conjunction with the 
management team in order to serve as a blueprint for the implementation of 
continuous improvement. It was designed to cover a period of approximately 
twelve months and use was made of a Gantt chart to facilitate the planning and 
execution of the project (appendix 1 b). 
The flow chart essentially takes certain elements of the already proven tools and 
techniques of continuous improvement and blends them together to suit the 
culture of the Wrexham operation. In keeping with the common theory of total 
quality management, for example from Deming, Crosby, Juran, Oakland, etc, the 
central theme of the initiative was full involvement of the workforce in the process. 
This was encouraged throughout the initial stages until the basic ideas had been 
assimilated by as many people as possible. 
encompassed all of the following: 
1:. Quality Audit of the Wrexham Site 
The improvement drive 
During the authors' first two weeks at the Wrexham site the main task was to 
conduct an "audit". This audit was to be based on the authors impressions of the 
site gained over a two week period. During this period of time the author 
conducted a number of informal interviews with a wide cross section of people. 
At the end of this period of time a report of the findings was written, which was 
circulated amongst senior management and used as a basis for the development 
of the implementation blueprint (copy of report in appendix 1 b). 
~ Introduction to Continuous Improvement Presentations 
The aim here was to introduce the personnel of Wrexham to the ideas and 
philosophies surrounding Continuous Improvement, to introduce the author to the 
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personnel, and to introduce the Teaching Company Scheme. 
The sessions provided an ideal opportunity for employees to ask questions, and 
to air grievances of the management's treatment of them over the preceding three 
to four years. The presentation covered: 
i) Continuous Improvement - What is it? 
ii) What does it involve? 
iii) Tools and Techniques? 
Quality Costing; Brainstorming; Cause and Effect Diagrams; 
Benchmarking; Quality Improvement Teams; Check Lists, Charts, Graphs; 
Statistical Process Control; What are the benefits?; Does it work?; The 
next step. 
; 
The presentations were done over a six week period to all Wrexham personnel, 
approximately one hundred people (overheads in appendix 1 b). 
~ Steering Committee 
In order to guide the implementation of the Continuous Improvement initiative at 
Wrexham, a "Steering Committee" was set up using the same principles as the 
Colchester site. The management team was enthusiastic to take part. 
1: News Sheets 
Produced on a fortnightly basis by members of the management team these are 
displayed on two main notice boards. One is in the company canteen, the other 
next to the exit from the mould shop. They were and are very well received 
(appendix 1 b). 
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§. Scrap Brainstorm Team 
In order to capture the imagination of the workforce it was necessary to pick a 
high profile issue to tackle using the brainstorming technique. The elimination of 
production scrap was chosen as being of the utmost importance. Following a 
brainstorming session and a monitoring exercise, spillage from the moulding 
machines was viewed as the biggest single contributing factor. In order to 
highlight this, a high-profile poster was designed and displayed on all company 
notice boards (appendix 1 b). A number of initiatives then took place, which 
reduced the £28,000 loss per month by approximately seventy per cent (some of 
these are detailed within chapter seven section 7.3). 
In order to justify the "spend" necessary to solve some of the issues, a "Project 
Proposal" form was developed (appendix 1 b). 
Q Quality Costing Initiative 
Essentially, the research work for this thesis was an element of both the 
continuous improvement initiative and the author's daily work. The existing 
Management Information System provided some data that could be used for 
quality costing purposes, but not nearly enough. So, in conjunction with other 
quality initiatives performed at the Wrexham site, the establishment of accurate 
and regular data recording was essential. 
This was tied in with a Project Proposal form developed as part of the quality 
initiatives. Through using this, people became convinced that they needed 
accurate data and information in order to justify any proposed improvement 
activities. This represented a real change in thinking by some individuals. 
7 Eight Discipline Action Plan 
This is essentially a team approach to solving production problems, both internal 
and external. The concept has been borrowed from the Ford Motor Company 
and adapted for use within the plastic injection moulding industry. It is simply one 
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piece of paper that asks a specifically chosen cross-functional team a series of 
eight questions, in order to aid the establishment of the root cause and the 
generation of a solution, to any problem (see appendix 1 b). 
~ Process Control 
This is the control of the moulding process through weighing the components as 
they are produced. The weights are plotted on attribute charts and this 
information is used to influence technical decisions about the setting of the 
moulding process. The exercise started initially on just one moulding machine, it 
is now in place on all thirty four production units. An example of a process 
control chart is presented in appendix 1 b. 
~ Visits to Customers and Suppliers 
One of the steering committee's (and quality departments) objectives was to have 
as many employees as possible visit customers and suppliers. This has a 
number of positive benefits, such as an improvement in morale' (a break in the 
regular pattern of work), an increase in the level of interest (as people now 
understand where the product is used), and perhaps more importantly, the 
problems that can occur when defective components are sent highlighted. It also 
gives the customer and supplier an image of real people, not just a name on a 
box. The overall benefits of this initiative are difficult to quantify in monetary 
terms, but have had an impact on employee moral and customer focused 
awareness. 
10 Benchmarking 
This is a joint project run in conjunction with members of the research staff at 
M.U.B.S. Essentially, the exercise was split into three parts: i) The order 
placement system; ii) The moulding process; iii) Order dispatch. After finding 
two companies who were willing to take part in the exercise, M.U.B.S. interviewed 
three parties and collected a gre~t deal of information. This information was then 
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used to improve specific areas of the company by "borrowing" successful 
techniques. 
11 Communication Audits 
These involve attaching all the documentation which is required to run a specific 
area or department onto a large surface (usually a wall - covered with brown 
paper to protect the paint or paper, and to allow the exercise to be moved or 
stored) in order of creation and use from left to right in four specific categories, 
top to bottom: 1. Forecasting; 2. Planning; 3. Control; 4. Reporting. 
At the Wrexham site this was done for the Personal Health Care department and 
the Finishing Department. The exercise within the personal health care yielded 
the following results: 
i) Four documents were introduced. 
ii) One document was removed. 
iii) Four documents were updated and redesigned. 
The exercise gave employees an overview of the system they operate within, and 
an opportunity to adapt some of the forms they used on a regular basis. It 
brought to everyone's attention the fact that they could control the system that 
they worked within, and that it did not control them. 
12 Continuous Improvement Shift Teams 
These are the real backbone of Wrexham's continuous improvement initiative. 
The teams are formed frorTl the five shifts that operate on the site. The shift 
pattern is continental, in that in anyone week an individual shift will work 
mornings, afternoons, and nights. Only three shifts will work in one twenty four 
hour period, with one of the remaining two shifts being on a two day rest period, 
the other on a sixteen day break. 
The management team decided to invest substantial training in the tools and 
techniques of Continuous Improvement for the shifts, before asking them to take 
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part in any problem solving schemes. Five training sessions were developed to 
introduce fully the basic techniques of Continuous Improvement. They covered; 
Session One - Video & Discussion (B.B.C. Kiazen video, purchased by Betts 
Plastics). 
Session Two - Introduction to Continuous Improvement Teams: 
1. History. 
2. Five stage problem solving approach; 
i) Define the symptoms. 
ii) Finding a solution. 
iii) Submit a proposal. 
vi) Communication and training. 
v) Implementation. 
Session Three - Problem Analysis (Three Separate Activities): 
i) Problem Identification. 
Techniques: Brainstorming & cause and effect diagrams. 
ii) Problem Definition. 
Techniques: Systematic data collection, Data presentation 
diagrams, Pareto analysis. 
Session Four - Problem Analysis (continued): 
Techniques: Recap on pareto analysis. 
iii) Generation of solutions. 
Technique: Solution and effect diagrams. 
Session Five - Pick a specific problem to work through. 
Techniques: Brainstorm to find a topic of mutual interest for the entire shift. 
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The training package developed to complement the above is presented in 
appendix 1 c. 
Once the above training sessions were complete, the shifts forged ahead with 
improvement projects during the weekly continuous improvement sessions held 
by each shift. These had a substantial impact on the overall performance of the 
Betts Plastics Wrexham operation. For example, external customer complaints 
were reduced by forty per cent over a twelve month period because of the direct 
impact of team working. Scrap produced as a by-product of the moulding process 
was reduced by ninety per cent during the same period. Machine utilisation 
increased by fifteen per cent. Other examples of the team initiatives are given in 
chapter 7 - Quality Improvements Through Quality Costing. 
13 Supplier Review 
The departmental managers (Warehouse Manager, Engineering Manager, 
Process Development Manager, Tool Room Manager, Commercial Manager, Site 
Administrator, Clean Room Manager, Quality Co-ordinator) were asked to 
highlight their individual suppliers from a master listing provided by the 
purchasing department. 
This information was then grouped on a spreadsheet and enquiries were made 
into suppliers performance and level of service. The listing was categorised into 
a number of specialist categories: 
1. Raw Material. 
2. Colorants. 
3. Additives. 
4. Machines. 
5. Packaging. 
6. Contractors. 
7. Various Equipment. 
8. Spares I Supplies. 
9.' Consumables. 
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10. Transport. 
A "spend" figure (year to date) was provided for each of Betts' suppliers, a total 
figure, and an average "spend" per company. The document was then passed to 
the purchasing department for formal enquiries to begin. 
Simple improvements made in this area included the holding of stock items by 
raw material suppliers on their shelves on a three day call off, at no extra charge. 
The holding by electrical suppliers of specific specialist items on their shelves 
and free delivery, at no extra charge. These reductions in lead-times have aided 
the efficiency improvement drive. 
The above improvement drive has had a number of quantifiable effects on Betts 
Plastics, Wrexham. Some of these are detailed within chapter seven. It has also 
improved company morale. 
The initiative itself has moved on from being management driven, and is now truly 
incorporated into the culture of the company. Effort is now focused on sustaining 
the existing improvement projects, and maintaining the change towards a true 
quality culture. 
3.7 Outline of Present Accounting System 
For part of this research the financial accounting system within the host firm was 
accessed for specific figures. As such, it is important to understand both what 
information it can provide, and how it functions in practice. This section will 
describe in brief detail the accounting system of the host company. 
The Integrated Business System (I.B.S.) module feeds financial information into a 
financial model, this then generates all the information necessary to produce a 
profit and loss account, and a balance sheet. The accounting system works on a 
double entry bookkeeping methodology while utilising a standard costing system 
and a budgetary control system. It is therefore able to set standard costs for raw 
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materials and standard products, based on a Bill of Material (B.O.M.). This 
allows the analysis of raw material, work in progress, and finished goods. 
An additional feature of the I.B.S. is that a monetary value is created for items as 
they move from one location to another. The system will also automatically adjust 
raw material stock figures when finished goods are booked in. 
An annual budget is produced and provides a complete ,financial business plan 
for the financial year ahead. .It is generated from the sales forecast which is 
produced by the Sales and Marketing Director, the Financial Accountant, and the 
Director and General Manager of Betts Plastics. This annual budget breaks 
down into a number of specific areas, the main areas being; 
i) Monthly results. 
ii) Quartley Profit Forecast (Q.P.F.). 
iii) Half yearly results. 
Monthly results are presented in the traditional format of a profit and loss (P+L) 
account. The Managing Director is provided with a Monthly Operating Report 
(M.O.R.), which is a slim line detailed P+L and cashflow statement. This gives 
him a snapshot that provides the required information to be able to establish 
developing trends. The senior management team is provided with a fully detailed 
M.O.R.. This contains special reports generated for specific managers - for 
example, the manager of a production cell may require certain stock control 
figures. Further reports are tailored for the lower levels of management by asking 
people what information the ce.lls require in order to make production decisions 
(usually non-financial measures). For example, an increase in moulding machine 
cavitation on three machines will effect the bottom line eventually, but this will not 
" 
be seen for a number of months. This will, however, give an indication of current 
efficiency levels. 
These non-financial measures from the shop-floor give management the 
information needed to make decisions. People do not necessarily need to see 
the whole picture in order to make informed decisions. 
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Eleven key graphs are generated as part of the monthly accounts report (see 
appendix 1c). The graphs demonstrate actual performance (year to date) against 
budgeted performance (whole year). They show specifically; 
- Sales. 
- Adjusted Gross Contribution. 
- Factory Costs. 
- Profit Before Tax. 
- Return on Sales. ' 
- Personnel Costs: Sales (Moving Annual Total - M.AT.). 
- Value Added Per Employee (M.AT.). 
- Stocks (Excluding Mould Tools). 
- Capital Employed (M.AT.). 
- Return On Capital Employed (M.AT.). 
- Cumulative Cash Flow (M.AT.). 
Each director is provided with a copy of the full report. Other managers are 
provided with data specific to their own department, as demonstrated in figure 
3.8. 
___ .. ~ Director & Financial 
Accountant 
Operations 
Director 
- Site one 
! 
ManagelTlent 
Team 
Operations 
Director 
-
Si111wo 
Management 
Team 
General Manager 
Sales & Marketing 
Director 
1 
Sales Team 
Figure 3.8 - Host Company Financial Information Flow 
Process Development 
Director 
Purchasing 
Manager 
I. T. Manager 
Human Resources 
Manager 
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The P+L account breaks down specifically into the following categories; 
SALES VALUE 
Materials at Standard Cost 
Normal Scrap 
Purchase Price Variance 
GROSS CONTRIBUTION 
Less: Factory Costs 
Selling Costs 
Warehouse and Distribution 
Administration 
Development Costs 
Process Development 
Sundry Items 
Exceptional Items 
Projects 
TOTAL 
TRADING PROFIT 
Less: Central Charges 
Investment Income 
PROFIT BEFORE TAX 
Less: Cost of Capital 
ECONOMIC PROFIT 
A Quarterly Profit Forecast (Q.P.F.), which is now a requirement within 
businesses (relevant where you have public companies) is also produced. This 
gives confidence to the shareholders and the market through demonstrating that 
the company is in control of its own resources. It has within its make-up 
statements regarding profit, cash flow, and capital investment, making it almost 
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the same as the annual budget. It is in fact a complete re-forecast of the budget, 
based on more up-to-date information (for example, the annual budget can be 
prepared in September for the following financial year). This allows the document 
to be signed off by Courtaulds Main Board, and any requests for alterations to be 
considered. 
The Half yearly result indicate the actual performance of the operation against the 
plan (annual budget). This is generated for much the same reasons as those 
already stated for the Q.P.F. It is made up of known financial indicators plus 
predicted values (it is also prepared slightly in advance). 
Because standard accounting practice is only relevant for the actual publishing of 
information, individual companies may determine themselves how they gather the 
information and what they do with it internally. Courtaulds Main Board defines 
how the accounts are put together, and they have a standard set of definitions 
applied across all Direct Reporting Businesses (D.R.B.s). This is done to enable 
a direct comparison of diverse businesses. For example, all purchasing costs 
have to be put under general factory costs. 
The management accounts were originally put together in such a way as to make 
individual managers responsible for their own departments (known as cost centre 
reporting). See appendix 1 for details of host companies cost ratio tree. 
3.8. Quality Costs within the Company 
Until discussions with the management occurred concerning this research, the 
company was unaware of quality costs as such (the only exception being the 
acknowledged cost of running the quality department). Senior management knew 
that a number of "black holes" existed within the organisation (Ref: Martin Hornby 
- Operations Director). The black hole theory was generated due to a number of 
inefficient production processes that were "sucking cash out of the business, 
straight off the bottom line". As management did not know the location of these 
inefficient processes they could not control them. They did not know of formal 
techniques for identifying and eliminating these unnecessary costs. 
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During the course of discussion with all levels of employees, great interest was 
shown in the possibility of developing a formal tailored package designed to 
pinpoint such costs. Substantial assistance, in the form of access to reports, 
confidential information, interviews with senior management, and so on, was 
freely provided. 
The host company's management team identified one potential element of the 
research as the ability to create business performance measures tailored to 
identify problem areas. This supports the findings of Geanuracos and Meiklejohn 
(1993) who reported that managers and senior corporate officials indicated a 
number of significant problems with traditional business performance measures. 
These problems include: 
i) the measures encourage the pursuit of the wrong goals; 
ii) the measures are too financially oriented; 
iii) the measures focus on inputs, not outputs; 
iv) the measures reflect functions not processes; and, 
v) the measures lack predictive power (55). 
It comes as no surprise to learn that a traditional accounting system has within it 
what are considered to be traditional problems. The quality costing research was 
"sold" to the management team on its ability to address a number of the above 
issues. 
The following chapter details the methodology that was developed, modified, and 
adopted for the identification of quality costs within the host company. 
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CHAPTER· FOUR 
DATA COLLECTION AND 
DATA ANALYSIS 
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4.0 Introduction 
This chapter aims to introduce the specific steps used within the methodology, in 
order to fulfil the stated objectives of the research proposal. 
The chapter is divided into the following sections: 
4.1 - Research Method. 
4.2 - Models Tested. 
4.3 - Sequence of Research Events. 
4.4 - Conclusions. 
4.1 Research Method. 
A three stage, action research, methodology was adopted. The action research 
approach has already been discussed in some detail in chapter one, section 
1.3.1. To reiterate briefly, action research poses an aspect of direct involvement 
in organisation change whilst simultaneously providing an increase of the 
knowledge base for specific topics. In detailing action research Clark (1972) 
maintains that: 
"The strategy for gaining the utilisation of the research has to be integrated with 
the research design at the start' of any project. It requires the practitioner to 
devote considerable time to the creation of an infrastructure for receiving the 
findings and acting upon them" (5). 
The methodology developed for this research project involved an extensive 
survey of the available quality literature, the identification of cost categories, and 
the adoption and trial of two cost collection systems . 
.1. An extensive survey of the available quality literature. 
This was undertaken in order to identify possible "quality measurement systems" 
and means of establishing the "cost of quality". 
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The literature survey targeted issues directly, and peripherally, related to the 
objectives of the research. For example, literature on the promotion of quality 
was included in the survey. 
The search was primarily confined to quality related literature, although the CD -
ROM system at the University of Manchester Institute of Science and Technology 
(U.M.I.S.T.). This provided a wealth of information from various industrial 
sources. 
The gathering of information started with the key quality costing sources, such as 
SS 6143 and the American Society for Quality Control (A.S.Q.C.) publications, 
then broadened to include the references discovered by the computer search. 
The information gathered from these sources was used to further the 
development of a company specific quality costing methodology. 
2. Identification of cost categories 
The key measurables and cost categories were identified through detailed 
examination of company processes, informal discussion with company personnel, 
and formal interviews with various employees within the host company. This 
process, over a period of time, allowed the identification of sources of errors 
within the host company's systems. 
It was possible to achieve the above objective due to the nature of the Teaching 
Company Scheme within the host company (the implementation of total quality 
management). To expand this point slightly, it was feasible to call on employees' 
time for formal interviews within -the first month of the teaching company project 
because all were aware of the importance placed on the success of the project. 
This aided the development of a quality costing methodology enormously, 
because without full co-operation and openness the success of the project would 
have been diminished. 
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The host company's processes and systems were closely examined by the author 
through physically following the manufacturing process from beginning to end. 
This data was recorded in the authors log book in the form of flow charts and 
detailed description, and formed an essential element of the initial research. 
A series of twenty-eight interviews were set up, upon the instruction of the 
Operations Director. This involved junior, middle and senior management, all of 
whom had to make themselves available for a meeting of no more than forty-five 
minutes duration. These interviews took place over a four week period, within 
the individuals' own office. They provided a detailed insight into the subjective 
and objective views of the company structure and culture from within different 
tiers of the management team. 
The interviews were semi-structured in nature and allowed for reasonably free 
flowing discussion around a number of specific points. For example: outline of 
the individuals functions; their perception of the main driving forces within the 
company; what were the key success factors for the company now and in the 
future ?; any previous exposure to the tools and techniques of total quality 
management or continuous improvement ?; etc. The interviews also allowed 
information to flow from the interviewer to the interviewee, specifically on the 
objectives of the exercise. 
The research findings from the examination of the host company's processes, 
and the notes taken during the interviews, were kept as part of the authors' 
formal "log book" (a requirement of the teaching company scheme). This formed 
an element within a report putting forward recommendations for the continuation 
of the project. The log book was essentially a "live" document, in as far as it was 
constantly updated and served as an accurate record of achievement and 
progress. This systematic record keeping was indispensable. 
Further to the above, a period of two weeks was spent by the author of this 
thesis, working with various shifts in different departments within the host 
company. This allowed for the study, on a more informal basis, of the company's 
information systems. Also during this period of time it was possible to gather 
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views and opinions from the employees, who knowing the author was not a 
member of the management team, and was indeed an independent outsider, 
were very open with their views and opinions. They saw it as an opportunity to 
put across their points of view to the management team, with the guaranteed 
assurance of anonymity. 
The notes from this period of time were also held within the authors "log book", 
and formed a part of the recommendations for the continuation of both the quality 
costing, T.Q.M. and continuous improvement projects. 
As the teaching company scheme within the host company progressed a 
considerable body of knowledge was gathered on the specifics of the company's 
systems and procedures (the continuous improvement drive is fully detailed 
within chapter three, section 3.6). This information was gathered on a piecemeal 
basis, i.e. discussion and interviews took place with specific individuals when 
necessary to progress a specific aspect of the project. For example, detailed 
discussions were held with the company's financial accountant to develop a 
knowledge base of the exact workings and idiosyncrasies of the host company's 
financial systems. 
As before the interviews were semi-structured in nature and allowed for 
reasonably free flowing discussion around a number of predetermined areas. 
3. Two cost collection systems adopted and trialed. 
Two measurement and collection systems were then adopted from the literature, 
adapted to suit the host firms particular industry and trialed. Details of the 
selection criteria are given in section 4.2. 
The collection of data at this stage took place using all available information, with 
existing data gaps being identified and accommodated for as the research 
progressed. Other data was requested and collected as its necessity was 
determined. 
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4.2 Models Tested 
As detailed within chapter two, the literature survey found there to be four costing 
models that have been used previously within industry: (i) Prevention, Appraisal, 
Failure Model; (ii) Process Cost Model; (iii) Economic Balance of Quality 
(Optimum Quality Cost) Model; and (iv) Total Loss to Society (Quadratic Loss 
Function) Model. Two proven quality cost models were to be trialed within the 
host firm's particular industry (high-volume plastic component manufacturing 
industry). The two generally popular models are the Prevention, Appraisal and 
Failure model (P.A.F.) and the Process Cost model (see figure 4.0). Both these 
models have been used to some extent in other industries (Dale & Plunkett 1991, 
Bradshaw & Yarrow 1993, Rawlins 1993). 
These two models were chosen because they exhibited certain characteristics. 
They both form part of British Standard - BS 6143, have had some publicity in the 
form of articles within professional journals, and have been utilised within both 
manufacturing and service industries to provide quality costing data - admittedly 
with various degrees of success. 
Figure 4.0 -TWO MAJOR COST MODELS 
Cost Models 
I--------r-- prevention ........•. (P) 
'--------' appraisal ............. (A) 
PROCESS 
failure .................. (F) 
~ internal •... (Fi) 
external .... (Fe) 
conformance ........... (COC) 
nonconformance ..... (CONC) 
To reiterate slightly on chapter 2, the P.A.F. model involves splitting up the costs 
generated as part of the quality function and due to production of non conforming 
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product into four categories. These are prevention costs, appraisal costs, 
-
internal failure costs, and external failure costs. 
The process cost model involves the complete analysis of a company's activities 
into interlinked "processes", accurately and without duplication. The cost of 
failure is then logged for each of these specific charts. 
4.3 Sequence of Research Events. 
The total process can be presented in the following steps: 
1. Initial continuous improvement trial at host firm's Colchester site. 
2. Move to the Wrexham site, development of a blueprint for introduction of 
continuous improvement. 
3. Programme started with large-scale education process. 
4. Initial quality cost estimate to get senior management's attention. 
5. More detailed approach developed: P.A.F. and Process Model to be 
tested. 
6. Development of information system for decision making purposes (to 
provide good quality information). 
7. P.A.F. Model - Designed specific forms for collection of costs. 
8. Process model - flow chart of the manufacturing method. 
9. Presented proposed methodology to senior management. 
10. Costs collected using P.A.F. method. 
11. Process model - stopped. 
12. Presented ongoing findings to senior management team. 
13. Financial information generated from P.A.F. data. 
14. Information analysed and presented to senior management team -
subsequently used for strategic decision making. 
15. Improvement programme given specific financial targets. 
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Specific details of each of the research steps are detailed below: 
4.3.1 - Initial continuous improvement trial at host firm's Colchester site. 
As already detailed in chapter 3 of this thesis, the continuous improvement drive 
was initiated at the host company's Colchester site. During this phase, the 
company was introduced to the concept of quality costing for the first time. This 
took the form of accurately measuring the scrap produced, as part of the 
manufacturing process. This had a substantial impact as information of this type 
had not been produced before. The high level of waste in financial terms was 
unexpected by management, primarily because it was an unknown factor (one of 
the black holes, reference to Martin Hornby - Operations Director). 
Once actual numbers were available the next phase was to use some of the tools 
and techniques of continuous improvement to reduce the generated figure, or at 
least to start the process of accl,Jrate identification. See chapter seven, section 
7.1, for details of these projects. 
At this stage no formal quality costing data was generated, as this was very much 
an examination of what the company's systems could provide in the form of hard 
facts. What proved to be the case after consultation with the company's finance 
department, and specifically, the financial accountant, was that the financial 
system was geared to producing data of a high level of aggregation. It was, 
therefore, difficult to pinpoint specific areas of problem wastage as these figures 
were neither asked for or reported. 
4.3.2 - Move to the Wrexham site. development of a blueprint for the introduction 
of continuous improvement. 
The development of the Continuous Improvement (C.I.) blueprint has already 
been covered in chapter 3 (section 3.6). It is worth stressing here that the 
development of a defined plan for the implementation of C.1. was essential as, far 
as the collection and use of quality costs are concerned. Without the drive, 
enthusiasm, and understanding of modern quality techniques created by the C.1. 
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process, accurate quality cost figures could not have been generated. People 
would not have been willing to take part in the information generation exercise if 
they did not fully understand fir~tly, the reason for its collection and secondly, the 
use to which it would be put. 
4.3.3 - Continuous Improvement Programme started with large scale education 
process. 
The actual continuous improvement programme adopted by the host company 
has already been outlined in some detail in chapter 3, section 3.6. This stage in 
the development of a company culture, which would support and encourage the 
quality costing drive, proved to be absolutely essential. 
4.3.4 - Initial quality cost estimate'to get senior management's attention. 
In order to raise senior management's attention, as far as quality costing was 
concerned, an exercise was carried out to estimate the quality costs of the host 
firm. This exercise was designed to be "quick and dirty" (3) in as far as it would 
not go into substantive detail, but would generate a figure which would get 
management's attention. Aft~r discussion with the host company's financial 
accountant, it was decided to utilise one main source of information from the 
company accounts and add to thi~ some specifically generated cost categories. 
In generating the quality cost estimate, the figure of "other stock adjustments" 
was taken from the monthly company's accounts. It was felt that as this figure 
was a result of "things not going to plan" it could be used as a rough reflection of 
some "costs of quality". It consists of: 
1. Exceptional rebates; 
2. Purchase rebates; 
3. Materi'al usage variance; 
4. Change in stock provision; 
5. Stock taking differences; 
6. Production scrap; 
Page 78 
Chapter Four 
7. Sale of scrap. 
This figure was then combined <with the approximate cost of quality personnel 
across the two sites. For full details of the calculation refer to chapter 5, section 
5.1. 
The figure generated was then communicated to the senior management team. It 
was agreed that a more detailed breakdown was needed, if the information was to 
be used for decision making purposes at various levels. The research project 
therefore proceeded on the basis of providing an accurate breakdown on the 
origins of the quality costs within the business. 
4.3.5 - More detailed approach developed: Prevention. Appraisal. Failure (P.A.F.) 
and the Process Model to be tested. 
With the acceptance of the quality cost estimate figures, and the further 
development of the continuous improvement initiative, work began on the 
development of a more detailed approach to quality cost collection. 
Of the available methodologies the P.A.F. and Process models where chosen to 
be trialed within the host company, as detailed earlier. Both models are specified 
within a dedicated British Standard (BS 6143, parts one and two) and have been 
the subject of a number of relevant case studies within various industries (see 
sections 2.4.1 and 2.4.2 for details of the two models, and their respective 
advantages and disadvantages). This acceptance by the establishment, 
combined with the need to produce tangible results within the host company, 
made these two models the favourites to trial within the site. 
One of the main objectives of the research project was to produce information 
that could be used by the host company to drive the T.Q.M. (continuous 
improvement) project, and to reduce operational costs. The use of existing, 
proven costing models would serve to speed this process. 
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From the quality cost estimate previously carried out, it became apparent that 
certain information required for the exercise would need to be created, or rather, 
that mechanisms for the accurate collection of it would need to be set up. 
4.3.6 - Development of a Quality information system for decision making 
purposes. 
The information gathered was to be collated and presented to the Operations 
Director in the form of a monthly. report (see appendix 2). This report was to aid 
the directors decision making process by providing accurate quality cost data. As 
such relevant sections were included within the Operation Director's own monthly 
report to the Managing Director. 
The setting up of this regular information flow allowed, for the first time, the 
sharing of information with the workforce by means of the quality notice boards, 
which had been installed in two places on the site. See appendix 2 for examples 
of the notices displayed. 
The information generated was, therefore, presented at two levels - Firstly to the 
senior management within the company and secondly, to the entire workforce. 
For the first time, the workforce received a regular flow of information which 
communicated to them how well they were performing, from a quality perspective. 
Examples are provided within appendix 2. 
This publicity exercise was designed to raise people's awareness of quality costs 
- what they are, how do they effect the organisation and individuals, and what can 
be done about them. 
4.3.7 - Prevention, Appraisal, Failure (P.A.F.) - Designed specific forms for 
collection of costs. 
At this stage, having reviewed the available literature, forms for the collection of 
quality costs using the P.A.F. model were generated. This was done using a 
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combination of BS 6143 (55) and A.S.Q.C. (25) "Quality Costs - What and How" 
publications for specific entries in categories. 
A series of forms were designed, based around the five stages of the quality cost 
collection exercise detailed in BS 6143 (30). In designing the forms to be used 
individual elements from the quality costing categories of BS 6143 (30) were 
extracted specifically for the host company. The specific details of these selected 
categories are discussed within chapter five, section 5.2.4, with an explanation as 
to why they are different from BS6143. 
The categories were then put into six individual forms, one for each of the five 
stages and a final collection summary sheet (see appendix 2 for the actual 
forms): 
i) Costs directly associated with the quality function: 
- includes payroll cost of people specifically controlled by the quality 
function; the cost of depreciation of specialised quality control and 
assessment equipment; the cost of quality training; the cost of smaller 
items that the organisation does not capitalise. 
ii) Quality related costs of functions performed by personnel outside the 
quality function: 
- these costs are usually incurred by other departments. They should be 
included in a memorandum account. A number of departments may incur 
these costs, e.g. purchasing, stores, planning, etc. 
iii) Internal cost of budgeted failure: 
- For example it may be normal practice to make a product in batches of 
100. To be certain of completing 10q it may be a matter of routine to plan 
110. Only experience will eventually tell weather it is worth calculating the 
cost of the additional 10, but the costs should be calculated, at least for a 
trial period. 
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iv) Internal cost of unplanned failure: 
- related costs may include materials that have been scrapped or the cost 
of re-working or re-making. 
v) Cost of failure after change of ownership. 
- costs include the time spent by the quality department in investigations 
(offset these against the costs in form 1, to avoid a double count) and 
those costs of other departments. 
vi) P.A. F. cost collection sheet. 
- this sheet collates the costs from the other forms and allows the 
summation of different categories. 
,. 
4.3.8 - Process model - flow chart of the manufacturing method. 
In order to begin working with the Process Cost model it was necessary to first 
develop a general flow chart for the host site's manufacturing method (see 
chapter three, figures 3.2 and 3.3, and appendix 4). Data for this exercise was 
collected in the same manner as that detailed in section 4.1.2. It was checked for 
accuracy by communicating the results with the individuals who had furnished the 
original information. The company quality manual, which had been prepared by 
the operatives, also provided a detailed cross check. 
Once this flow chart had been generated, it was necessary to select a specific 
area for attention. This was done in conjunction with the management team. 
4.3.9 - Presented proposed methodology to senior management. 
The proposed quality cost collection methods developed above were 
communicated to the senior management team. Full details were given at the 
presentation as well as in a brief information pack (see appendix 2 for details). 
The presentation served as a further introduction to the subject of quality costing, 
and outlined the potential savings available by using examples from the literature. 
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During the in-depth discussion that followed the presentation the senior 
management team asked a wide range of searching questions. The conclusion 
to the meeting was the authorisation to proceed with a detailed information 
gathering exercise. 
4.3.10 - Costs collected using P.A.F. method. 
Over the course of the next fourteen months a body of knowledge was generated 
in the form of specific cost collection. These costs were collated on the tables 
previously designed for the purpose, as detailed in 4.3.7. 
As it became apparent that specific information was not readily available, 
systems were set up to facilitate collection. Examples of these are internal scrap 
reporting and an accurate log of the credit note return file (this is a log of the 
returns from customers of defective product - the log stated the monetary value of 
any product return or customer refund). 
As previously stated, data was collected over a fourteen month period. After 
twelve months' worth of figures had been collected and analysed a series of 
graphs depicting various ratios were created. These are fully detailed in chapter 
5, section 5.4.1. 
4.3.11 - Process model - stopped. 
Having built up a picture of the company's process as a whole, and having 
consulted the senior management team, it was considered highly practical to test 
the process model in some detail, on a small scale within one area of the 
company's manufacturing system. A specific product line was targeted within an 
individual production department. 
Work on the Process Model and the P.A.F. model proceeded concurrently when 
the P.A.F. model was broadened in scope, due to the information already 
available, and the facilities to provide more~ information. The P.A. F. model 
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therefore became much wider in context and data was collected from the 
company as a whole, and not just an individual department. 
The Process Model was, at the same time, proving difficult to work with. This was 
primarily due to the· need to create the necessary forms and diagrams 
(identification of inputs, outputs, controls and resources) and from these, the 
information flow required. The assistance of others within the host company was 
sought in order that interviews might take place for the accurate construction of 
process flow charts and specific cost models. 
The specifics on the progression of the Process model are contained within 
chapter 6 - Findings: Process Model. 
4.3.12 - Presentation of current findings to senior management team. 
On a monthly basis, results were presented to the sites senior management team. 
This took the form of initial results and the revised methodologies. Essentially, 
these sessions served to inform and educate the management team. 
4.3.13 - Financial information generated from P.A. F. data. 
A financial figure was generated, representing the quality costs of the host 
company over a twelve month period. This was developed through the extensive 
use of a specifically tailored P.A.F. model. 
As much of the data required was unrecorded, at that time, a number of very 
useful new reports were generated (for example the credit note returns and an 
internal scrap report). These have since become part of the quality management 
information system. 
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4.3.14 - Information analysed and presented to senior management team -
subsequently used for strategic decision making within the continuous 
improvement programme. 
Data now existed for a fourteen month period and a graph was created which 
illustrated the monthly cost of conformance against the cost of nonconformance. 
Specific figures generated are represented within chapter five, section 5.2. 
The specifics of the use to which the results were put are detailed within the 
aforementioned chapter five and chapter seven - Quality Improvements Through 
Quality Costing. 
4.3.15 - Improvement programme given specific financial targets. 
The findings generated as a result of this research were presented to the senior 
management team, with a detailed manufacturing strategy designed to increase 
perceived product quality and ultimately reduce the quality costs. The plan was 
linked with the establish continuous improvement programme. The plan formed 
part of a full manufacturing strategy designed to guide the host company over the 
next three years. 
This plan is being monitored on a month by month basis, and quality costing has 
now been introduced as part of the monthly quality report produced by the author 
(Quality Manager) for the Operations Director of the host company. 
4.4 Conclusions. 
The two cost models used for the collection of quality costs were taken from the 
body of literature available. However, the research methodology employed was 
designed to suit the stated objectives of this research. As action research it 
developed over time and grew to fit the needs of the project. 
A critical evaluation of the research methodology employed, is given in chapter 8, 
section 8.3. 
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CHAPTER FIVE 
FINDINGS: PREVENTION, 
APPRAISAL, FAILURE MODEL. 
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5.0 Introduction 
This chapter aims to present the preliminary analysis of the research, followed by 
the actual findings from the Prevention, Appraisal, Failure (P.A.F.) model. A 
comparison will then be made with the quality cost data generated by other 
authors. Critical evaluations of the P.A.F. model and the host company's 
management information system will conclude the chapter. 
The chapter is divided into the following sections: 
5.1 - Preliminary analysis. 
5.2 - Findings. 
5.3 - Figures. 
5.4 - Comparison between results obtained in the study and those given 
in the literature. 
5.5 - Critical evaluation of the management information system in relation 
to quality issues. 
5.6 - Critical evaluation of the Prevention, Appraisal and-Failure model. 
5.1 - Preliminary analysis. 
After examining the companys profit and loss (P+L) account and detailed 
discussion with the companys accountant, a specific formula was generated for 
the exercise. This involved combining an approximate cost for the "quality and 
--
inspection personnel", associated with the host site, with the "other stock 
adjustments" figure from the host company's P+L account for the year to date. 
The "quality and inspection personnel" are those people associated directly with 
the quality function within the site. 
The "other stock adjustments" figure is generated monthly by combining the 
following: exceptional rebates; purchase rebates; material usage variance; 
change in stock provision; stock taking differences; production scrap; sale of 
scrap. The use of "other stock adjustments" as a collective cost category was 
agreed with the company accountant. As such it does contain some information 
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that is not specifically quality related, however for use in a "quick and dirty" 
quality costing exercise it was thought to be at least seventy per cent accurate. 
The acceptability of the first quality cost figure generated would depend upon the 
credence given to the "other stock adjustment" cost categories by the 
management team. These categories are: 
- Exceptional rebates; purchase rebates; change in stock provision: Reported by 
exception these were historically of very low value. 
- Material usage variance: If the production job took more raw material to make 
the order than was specified on the business information system the difference, 
when booked on, was recorded as "material usage variance". This was 
considered to be a cost of not getting the job right first time and was. therefore 
deemed to be a cost of quality. This element did vary substantially month on 
month. 
- Stock taking differences: Each month a stock take was carried out. This 
discovered the differences between material that had been issued by the 
business information system and _ the actual amount of material remaining within 
the company stores. Once again this figure was deemed to be a cost of quality, 
due to the fact that the "system'~. thought a certain amount of raw material had 
been used within the month to manufacture finished goods, while in reality a 
different amount was used. This material difference would normally be reflected 
within material usage variance - if the difference had been booked into the 
business information system at the time. This difference' was considered a cost 
of quality because it represented an actual verses a proposed stock level 
(therefore more, or less material was used, but not recorded within the business 
information system). 
- Production scrap: This figure represents the amount of scrap generated within 
the calendar month. All production scrap is considered to be a cost of not getting 
the job right the first time, and therefore a cost of quality. 
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- Sale of scrap: Production scrap, as detailed above, was offset by the sale of the 
scrap raw material. This amount was deducted from the production scrap value. 
As such, even the effort of preparing the scrap for resale could be considered a 
cost of quality. If the components had been made correctly first time the company 
would not be in a position to sell on the components as scrap material. 
In generating the "other stock adjustments" figure, for use in the quality cost 
estimate, the year to date total to November 1993 (eight financial periods) was 
taken from the monthly P+L account. This was divided by eleven to give an 
average monthly amount and multiplied by twelve to give an approximate figure 
for one year. 
The number of personnel directly or indirectly associated with "quality" within the 
company were counted then assigned a monetary value dependent upon the 
approximate percentage of their time spent on quality issues. Where individuals 
had duel functions within the organisation, assumptions were made to ascertain 
the proportion of their time spent performing specifically quality related tasks. 
These assumptions were based upon interviews with the individuals and their 
superiors. 
A figure was provided from the accounts department for each group of personnel. 
At the host company, personnel are assigned to one of two groups: 
Group one - production based day and shift operatives. 
Group two - technical and office support staff. 
Within the two sites of the host company, the following personnel were deemed to 
have connections with the quality function: 
Site one 
Group one - Personal Care department: 5 inspectors (shift). 
- Finishing Department: 50% of 5 shift people. 
- Clean room: 30% of 5 shift people + 1 day staff. 
Group two - Site wide: 1 Quality Co-ordinator. 
Page 89 
Site two 
Group one - Quality administrator: 30% of 1 person. 
- Quality Technicians: 20% of 2 people. 
- Secretary: 5% of 1 person. 
Group two - Graduate trainee: 25% of 1 person. 
- Quality Manager: 15% of 1 person. 
Chapter Five 
- Quality Assurance Manager: 25% of 1 person. 
At site one there were six employees directly employed within the quality 
department. The other employees are production staff who spend a proportion of 
their time on quality tasks, the remaining time being spent on production related 
activities, dependant upon their area of work. 
Site two provides support services for site one. As such, the prime role for site 
two employees is working for site two. The percentages indicated above 
represent approximate time dedicated to site one tasks. 
Taking all the above into consideration, the approximate quality cost for the 
financial year 1993/94 worked out at 12.7%, as a percentage of sales turnover for 
the host company's target site. 
This figure, and it's cost collection method, were communicated to the senior 
management team. They were surprised as to how low it appeared to be. The 
team expected something much higher, given the examples they had previously 
been provided with, by the author. These examples detailed case studies of 
other quality cost collection exerCises. 
This initial estimate led to the management team sanctioning the continuation of 
the quality cost collection exercise. The management team specifically required 
an accurate breakdown of the sources of quality costs. They required the 
detection and location of the "black holes" within the business. Once fully 
identified these areas would be targeted for improvement. 
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5.2 - Findings. 
After a thorough study of the host company's processes, twenty-two quality cost 
elements under the categories of Prevention, Appraisal, and Failure, were listed. 
They were selected to allow a relevant quality costing model to be generated. 
These elements were chosen on the basis of their suitability for use within the 
host company, i.e. high volume, plastic injection moulding and finishing 
operations. For each element, a note on how to calculate its cost, the data 
sources, and the named contacts for each data source, were then created. The 
cost elements are quite specific to the company and manufacturing operation. 
Although BS 6143 is ostensibly a guide to the operation of quality cost systems 
within the entire manufacturing industry, it clearly offers more guidance to specific 
engineering activities than to the plastic injection moulding industry. Therefore, 
of the thirty six cost elements identified under BS 6143: 1990 (ten in prevention, 
eleven in appraisal, eight in internal failure, seven in external failure) twenty-two 
were specifically thought to be particularly relevant to the host company due to 
their ability to be used immediately for data collection purposes. Selecting the 
relevant cost elements from an established listing, that of BS 6143, proved the 
most efficient method in which to proceed. This is an important consideration due 
to the need to produce results which the host company could use. Time was very 
much a factor, and being able to pick the most relevant cost elements helped 
enormously. 
Of the twenty-two quality cost elements selected, the financial information from 
only a small number were able to be taken directly from the host company's 
accounts. The majority of the quality costs had to be generated from data 
specifically generated within the host company, as described in section 5.2.1. 
The data required was gathered in a systematic manner as the exercise 
progressed and the data became available. The information was collated by the 
author and held in number of files and databases. As will be detailed in section 
5.6, where information was not readily available a collection methods were 
devised and implemented. 
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In working out the cost of actually employing personnel, assistance was required 
from the finance department to provide an estimated average "running" cost for 
various grades of employee. The figures generated included an allowance for 
general company overheads. T~is information had already been generated by 
the finance function for use in the quality costs estimate, and is fully described in 
section 5.1. 
The figures are as follows: 
Group 1 - day shift 
- 3 shift system 
- 5 shift system 
Group 2 - management 
= £14,000. 
= £16,000. 
= £19,000. 
= £23,000. 
The above are approximate average costs generated by the financial accounts 
department for use specifically within the quality costing exercise. 
The company's definitions of the cost categories employed are given below. 
These are a combination of 8S6143, ASQC, and specific company tailoring to 
suit. 
5.2.1. Prevention costs 
Prevention activities are perhaps the most difficult to define and cost, as they are 
frequently integrated within the activities of a number of different departments. It 
is usual, however, for many preventative activities to be carried out by the quality 
department. 
The prevention costs within the host company are as follows: 
El Quality personnel 
This represents the direct costs of employing personnel specifically for the quality 
function. A total of seven people, who have direct input to the related site's 
quality function, are employed across both the host company's sites. 
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These individuals perform a wide variety of quality related tasks. The full cost of 
their employment (from both sites) has been included within this category. 
P2 Process control personnel 
Within the host company's targeted site, an individual is employed specifically to 
introduce, maintain, monitor, and develop statistical process control. The full cost 
of his employment at group two level is borne here. 
P3 Laboratory personnel 
An estimation, made in conjunction with the two laboratory personnel, and their 
manager determined that approximately ten per cent of two peoples time is 
dedicated to carrying out tasks within the host company's laboratory. These 
tasks are based upon requests made by the host company's targeted site for 
assistance in particular areas. 
P4 Cost of quality training 
This represents those costs 'of developing, implementing, operating and 
maintaining formal quality training programmes. The majority of training within' 
the host company is carried out on the site by the quality personnel themselves, 
whose running costs have already been included. The cost of quality training for 
employees has been accounted for, as it is incorporated within the employees 
contract (126 hours of training is paid for within the employees salary). 
It is important to note that the training does not affect production as all sessions 
are carried out either before a shift starts or when a shift finishes. 
The only figure included specifically under this category is that of a training 
course on quality costing arranged for the author. 
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PS Cost of presenting quality costs to management 
As mentioned in the methodology chapter, the status of the project was regularly 
reported to the senior management team every two months. The approximate 
figure for holding this meeting (a proportion of the average time the meeting 
lasted multiplied by number of participants, with an approximate salary figure 
included - see 5.2) has been included here. 
PG Engineers - planning and directing initial product qualification 
This cost was estimated on the basis of a proportion of engineer's time in working 
with initial product qualification. The actual figures are -thirty-three per cent of 
three peoples' time at one site plus ten per cent of one person's time at the 
targeted site. 
5.2.2. Appraisal costs 
Defined as the "cost of assessing the quality achieved", and are broken down into 
the following cost elements for the host company: 
A 1 Receiving inspection 
A minimal amount of incoming goods inspection is carried out, as the majority of 
raw material and supplies have, for some time, been shipped in direct to the 
manufacturing area that requires them. The majority of goods are on either a 
certificate of conformity, certificate of analysis, or both. 
A specific product is, however, checked upon entering the site and this occupies 
approximately two per cent of an inspector's time. 
A2 Supplier audits 
This cost represents the auditing of new and existing suppliers to ensure 
conformance with the host company's quality standard (SS EN ISO 9001 and 
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9002). The purpose of auditing suppliers, is to assess their manufacturing and 
quality systems. This provides assurance that they are of a suitable calibre to 
supply consistently the correct grade of product. 
The audits are carried out by a central quality function, which has not been 
-
included within the host company's targeted site quality personnel figures. An 
approximation, using past information, was made allowing for two per cent of an 
auditor's time on audits performed for the host site. 
A3 Lab tests to assess quality acceptance standards 
The costs associated with the tests performed by the host company's laboratory 
in order to ensure the fitness for purpose of newly developed projects. The cost 
assigned, has been estimated to be twenty per cent of one laboratory technician's 
time. This was made in conj~nction with the technician and his manager. 
A4 Review of test and inspection data 
This represents the cost of reviewing test and inspection data for the purpose of 
generating internal certificates ,of conformity and certificates of analysis. These 
are subsequently sent to the host company's customers with the finished 
products. They are an assurance of good quality production, and represent the 
. 
host company's faith in the systems, which maintain and continually improve the 
quality of the product. 
The costs generated here have been estimated, in conjunction with the personnel 
concerned, to be twenty per cent of three peoples' time. 
A5 Internal testing and release - before shipment 
Some of the products produced by the host company require testing for 
functionality before release for shipment to the customer. Where possible, this 
function is performed during manufacturing or assembly. The figure generated 
here, represents the employment of extra personnel to perform specific testing. 
Page 95 
Chapter Five 
The testing performed depends upon production requirements. As such this cost 
varies from month to month, reflecting the shipments being delivered to the site. 
A6 Calibration and maintenance of equipment used to evaluate quality 
Test equipment used on site is calibrated and maintained internally. It is 
estimated to occupy approximately ten per cent of one technician's time. 
A7 Inspection and testing 
Inspection and testing tasks were originally carried out by specifically employed 
inspection staff (five people, one" on each of the five shifts). This changed during 
period four of the data gathering phase of the project, with the specific position of 
inspector being made redundant. The individuals were employed in alternative 
positions elsewhere within the host site. 
The inspection and testing is now carried out by suitably trained shift personnel 
and the cost is estimated to be: ten per cent of a shift setter's time, ten per cent of 
a shift material handler's time and twenty per cent of the machine operator's time. 
This occurs on all five shifts throughout the year. 
AB Set-up cost for inspection and testing 
This cost represents the amount that is paid each month in depreciation on the 
equipment within the host company's laboratory within the targeted site. Other 
items used for testing purposes are provided by the company's customers free of 
charge. These tests are performed at the customers request using their own 
product. 
A9 Inspection and test materials 
As mentioned in the category above, the component product is issued free of 
charge by the customer, to the host company. A small amount of consumable 
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products are, however, used within the inspection and testing activity. These are 
accounted for here. 
A10 Maintenance and calibration of test and inspection equipment 
Some of the measuring equipment used for quality purposes within the host 
company is maintained by an outside calibration company (a requirement of BS 
EN ISO 9001 and 9002). This occurs every six months. 
This category is separate from AS in that it represents work done by people from 
outside the quality function. It includes the cost of ten per cent of two engineering 
technician's time. 
A11 Inspection and test reports 
The costs for collecting, processing and collating the completed production 
quality audit test reports. This task occupies approximately ten per cent of an 
engineering technician's time. 
5.2.3. Internal failure costs 
Defined as the costs arising within the manufacturing organisation from failure to 
achieve the quality specified (before transfer of ownership to the customer). In 
general, the main items of cost are production scrap and employees time in 
finding the reason for failure. 
The internal failure costs within the host company are as follows: 
Fi 1 Troubleshooting and failure analysis - quality department 
These are the costs incurred in analysing nonconforming materials, components 
or products that have been returned by the host company's customers. The 
quality staff are responsible for determining specific causes of failure, and the 
task is carried out by exception. After interviewing the personnel involved, and 
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the management team the percentage of time spent on this task was estimated to 
be ten per cent of their working time. 
Fi 2 Scrap - planned 
Represents a one per cent "planned" scrap figure that the host company has 
allowed for, within its manufacturing processes. This figure is allowed due to the 
company policy of costing a scrap rate for all production jobs that enter the site. 
This is necessary due to the particular nature of the injection moulding process. 
For example, once an injection moulding tool has been bolted into a moulding 
machine it requires "running up". This involves putting raw material and 
colourant, of the correct grade, through the mould to set the process parameters 
required for the production run. This excess material usage has been averaged 
out to be approximately one per cent and as such is featured within the costing 
estimate for any production run. 
Fi 3 Scrap - unplanned 
This figure represents the scrap and waste that is generated during the host 
company's manufacturing process. It is accurately recorded and reported within 
the monthly profit and loss account. 
Fi 4 Troubleshooting and failure analysis - outside the quality 
department 
Amongst the traditional engineering roles that the site technicians perform they 
also provide expertise in establishing the root causes of internal defects. An 
estimated ten per cent of two peoples time and forty per cent of five peoples time 
is spent solving quality related problems that should have been "right first time". 
This figure was agreed with the individual engineers concerned and their 
respective managers. 
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5.2.4. External failure costs 
These are defined as the costs arising outside the manufacturing organisation 
from the failure to achieve the quality specified after transfer of ownership to the 
customer. 
The cost elements of external failure within the host company are as follows: 
Fe 1 Products rejected and returned 
The value of goods rejected by the host company's customers is accurately 
logged. This data was available but no collation had occurred prior to this 
research taking place. 
More discussion of this category will take place in the next chapter. 
Table 5.0 outlines the differences between the cost elements selected and used 
by the host company, with those of BS 6143: Part 2:1990. The table is split into 
three main columns. Details of the host company are in the first, cost elements of 
BS 6143: Part 2: 1990 in the second, and comments on the inclusion or exclusion 
of elements are given in column three. The table breaks down specifically the 
prevention, appraisal, internal and external failure costs for the host company and 
the British standard. 
Table 5.0 - Comgarisons of Costing Elements 
Host Comgany (HC) BS6143: Part 2:1990 Comments 
Prevention Costs 
P1 Quality Personnel. P1 Quality planning. Included in HC, P1. 
P2 Process Control P2 Design and Included in HC, P1. 
Personnel. development of test 
equipment. 
P3 Laboratory Personnel. P3 Quality review and Included in HC, P2. 
verification of design. 
P4 Cost of Quality Training. P4 Calibration and Included in HC, A6. 
maintenance of 
quality measurement 
equipment. 
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PS Cost of Presenting PS Calibration and Included in HC, A10. 
Quality Costs to maintenance of 
Management. 
.. 
production equipment 
used to evaluate 
quality. 
P6 Engineers - Planning & P6 Supplier Assurance. Included in HC, A2. 
Directing Initial Product 
Qualification. 
No other costs counted. P7 Quality Training. Included in HC, P4. 
No other costs counted. PB Quality Auditing. Included in HC, A2. 
No other costs counted. P9 Acquisition analysis Included in HC, P1. 
and reporting of 
quality data. 
No other costs counted. P10 Quality improvement Included in HC, P1. 
programmes. 
A~~raisal Costs 
A1 Receiving Inspection. A1 Pre-production Included in HC, A7. 
verification. 
A2 Supplier Audits. A2 Receiving inspection. Included in HC, A 1. 
A3 Lab Tests to Assess A3 Lab acceptance Included in HC, A3. 
Quality Acceptance I testing. 
Standards. 
A4 Review of Test and A4 Inspection and Included in HC, A7. 
Inspection Data. 
-
testing. 
AS Internal Testing & AS Inspection and test Included in HC, AB. 
Release. equipment. 
A6 Calibration & A6 Materials consumed Included in HC, A9. 
Maintenance of during testing. 
Equipment Used to 
Evaluate Quality. 
A7 Inspection & Testing: A7 Analysis and Included in HC, A11. 
Pass-Off I Routine reporting of tests and 
Inspection. inspection results. 
AB Set-up Cost for AB Field performance Not counted. 
Inspection & Testing. testing. 
A9 Inspection & Test A9 Approvals and Not counted. 
Materials. endorsements. 
A10 Maintenance & A10 Stock evaluation. Not counted. 
Calibration of Test & 
Inspection Equipment. 
A11 Inspection & Test A11 Record storage. Not counted. 
Reports - Costs for 
Collecting & Processing. 
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Internal Failure Costs 
Fi1 Troubleshooting I Fi1 Scrap. Included in HC, Fi5. 
Failure Analysis -
Quality Department. 
Fi2 Scrap - planned (1%). Fi2 Replacement. Not counted. 
Fi3 Scrap - unplanned. Fi3 Troubleshooting I Included in HC, Fi1 
Failure Analysis. and Fi4. 
Fi4 Troubleshooting I Fi4 Re-inspection and Not counted. 
Failure Analysis - re-testing. 
outside Quality 
Department. 
No other costs counted. Fi5 Subcontractor fault. Not counted. 
No other costs counted. Fi6 Modification permits Not counted. 
and concessions. 
No other costs counted. Fi? Downgrading. Not counted. 
No other costs counted. Fi8 Downtime. Not counted. 
External Failure Costs 
Fe1 Products Rejected & Fe1 Complaints. Included in HC, Fe1. 
Returned. 
No other costs counted. Fe2 Warranty claims. Not counted. 
No other costs counted. Fe3 Products rejected and Included in HC, Fe1. 
returned. 
No other costs counted. Fe4 Concessions. Included in HC, Fe1. 
No other costs counted. Fe5 Loss of sales. Not counted. 
No other costs counted. Fe6 Recall costs Included in HC, Fe1. 
No other costs counted. Fe? Product liability. Not counted. 
It should be noted that a number of the cost elements within BS 6143: Part 
2:1990 have been combined with single cost elements for the host company. 
This was necessary as it was the only way some costs could be accounted for. A 
number of quality costs were not applicable to the host company due to the 
nature of the manufacturing industry it occupied (some costs simply did not 
apply). 
5.3 Figures 
The above categories were turned into a spreadsheet and for fifteen months data 
was collected. Due to the confidential nature of some of the information 
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generated by this research, not all the findings may be presented in monetary 
form. Where this has occurred percentages or designatory numbers have been 
used. 
The breakdown of prevention, appraisal and failure (internal and external), using 
the total quality costs as a percentage of sales turnover are as follows: 
Prevention costs = 1.63% 
Appraisal costs = 2.07% 
Failure (internal) =4.42% 
Failure (external) = 2.61% 
Failure (total) = 7.03% 
Total quality costs = 11 % of sales turnover 
Appraisal (19.31%) 
Prevention (15.18%) 
Failure (65.50%) 
III Prevention 
III Appraisal 
11 Failure 
Figure 5.0 Quality Costs - Host Company (1993/94) 
As a percentage of the total quality costs the figures break down as follows: 
Prevention costs = 15.18% 
Appraisal costs = 19.31% 
Failure (internal) = 41.17% 
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Failure (external) = 24.32% 
Failure (total) = 65.50% 
These figures are depicted in figure 5.0. 
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Figure 5.0 represents the results for the financial period 1993 to 1994. It clearly 
demonstrates the scale of costs attributable to failure, both internal and external. 
These costs represent a large proportion of the quality costs of the business, and 
a great proportion is potentially recoverable. 
The figures 5.1, 5.2 and 5.3 provide a visual representation of the quality costs 
within the host company. They 'cover the full fifteen months period of accurate 
costs collection, and represent different presentation styles. Each will be 
discussed in turn. Note: the index in each graph does not show a monetary 
value, an numerical scale has been used. The time periods are in months. 
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Figure 5.1 Quality Costs Over 15 Periods 
The diagram above (figure 5.1) represents the total quality costs of the 
manufacturing site where the research was based. This refers to the summation, 
on a period by period basis, of the prevention, appraisal, internal, and external 
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failure costs of the business. The costs were generated from the cost categories 
described in section 5.2. 
A clear downwards trend exists within figure 5.1. This is indicated by line "A". 
The trend is a reflection of a reduction in the return of unsatisfactory product from 
customers, a reduction in scrap, etc., during the monitoring period. The specifics 
of the savings are detailed within chapter seven, section 7.3. 
The evident improvement is slightly overshadowed by the three large peaks 
(X,Y,Z) which represent specific quality-based rejections from the host company's 
customers. It should be noted that each rejection was for a different problem, and 
each fault was corrected upon detection. The large customer rejections prompted 
an in-depth analysis of the company's own quality systems. This has led to the 
tightening of company policy on quality, and extensive retraining of operatives. 
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When the basic elements that constitute the make up of figure 5.1 are split into 
prevention, appraisal, and failure costs and plotted on a bar chart, they form the 
graph shown in figure 5.2. This diagram clearly demonstrates that the proportion 
of prevention and appraisal costs are too low when compared directly with the 
failure costs for the periods shown. 
The lack of fluctuation in the prevention and appraisal costs may be due to the 
high fixed costs of the host company. This high fixed cost is set due to the level 
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of expensive automated equipment installed within the host site, the high cost of 
the raw material, and the fixed employment level (the ratio of machines per 
employee remains constant). 
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Figure 5.3 Quality Costs - C of C & C of Non C 
Quality costs can fall into one or other of two major categories. One category is 
that of the costs deliberately incurred in efforts to maintain or improve quality. In 
the Prevention, Appraisal, Failure model, this is called the "cost of conformance". 
It includes the costs of both prevention and appraisal activities. 
The other category is that of the ~osts suffered as a result of bad quality. This is 
called the "cost of nonconformance", and represents specific failure costs. 
Figure 5.3 above shows the cost of conformance and the cost nonconformance 
for fifteen periods within the host company. 
As before, the peaks are attributable to the specific customer rejections of 
production. As previously mentioned these rejections were anomalies which were 
manufactured and delivered six months prior to rejection and return by the 
customers. These returns were very much an exception. 
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The host company operates a make to order policy, which means that if a 
customer orders an number of component's they are used within a short space of 
time. Therefore, any defective product is usually detected and returned within a 
calendar month. The three peaks were exceptions where customers had 
developed individual stock build strategies. 
A noticeable reduction in nonconformance costs is demonstrated by line "A". The 
cost of nonconformance goes below that of conformance for three of the last 
seven periods. This will be explored further in chapter eight - Conclusions and 
Recommendations. 
5.4 - Comparison between results obtained in the study and those given in the 
literature. 
This section will detail the explicit findings of the research within the host firm. It 
will examine the applicability of specific ratios, then go on to detail the results of 
other research on this topic within manufacturing industry. 
First exercise: Quality costs equal 12.7 per cent of sales turnover - "quick and 
dirty". 
Second exercise: Plastic injection moulding - toiletries and pharmaceuticals, £8M 
turnover business, 100 people. Results shown below in table 5.1 : 
Q.Costs % of gross sales 
Category Qual Costs Sales Turnover 
% % 
P 15.18 1.63 
A 19.31 2.07 
Fi 41.17 4.42 
Fe 24.32 2.61 
100 10.74 
Table 5.1 
(P = prevention; A = appraisal; Fi = failure, internal; Fe = failure, external.) 
5.4.1 Cost of Quality Ratios 
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When comparing the quality costs between manufacturing plants, a ratio enables 
comparisons to be made on a similar basis. Detailed below are the ratios 
calculated for the host company. The ratio used will depend upon the information 
available and the use to which it is put. For example, quality costs in relation to 
labour utilisation, sales value, production costs, etc. The following ratios are 
taken from BS 6143, Part 2, 1990: 
1. Labour base: 
2. Cost base: 
3. Sales base: 
4. Unit base: 
internal failure costs 
direct labour costs 
total failure cost 
manufacturing costs 
total quality costs 
net sales 
total quality costs 
units of production 
5. Added value base: total quality costs 
value added 
The particular ratio used, would depend upon the nature of the company 
involved, and the aspect of financial performance that needs to be focused on. 
For example, a labour intensive service business which wants to improve 
utilisation of personnel and reduce human error, would focus on trends in the 
labour-base ratio. On the other hand, it would be very misleading for a 
manufacturing organisation in the process of automating its processes to use this 
ratio, since the reduction in number of employees would change the ratio 
regardless of any quality improvements 
For example, with specific reference to the host company the following ratios 
were calculated: 
1. Labour base = Internal Failure Costs 
Direct Labour Costs 
= 3.42 
This ratio examines the internal failure costs related to the total labour or direct 
labour cost. For the host company it has been calculated to be 3.42. 
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This figure does not provide the host company with information that can be used 
as part of strategic management decision making. This is due to the fixed cost 
nature of the business - with high capital investment in automated equipment a 
minimum level of personnel are required. However, this minimum level can not 
be reduced without physically, removing and writing off sections of machinery 
(hence they are removed from the business and are no longer on the machine 
register). 
The small labour figure can be regarded as a fixed cost within this particular 
business as the number of personnel required to supervise the equipment does 
not cha~ge. If more machines are brought in, more people are brought in. If 
machines are removed people are removed. 
This ratio would perhaps be more useful in an environment where high levels of 
manual handling took place, and a "value for money" figure was required. 
2. Cost base = Total Failure Cost 
Manufacturing Costs 
= 1.27 
This ratio examines the total failure costs related to the shop cost, manufacturing 
cost or total material cost. For the host company it has been calculated at 1.27. 
As with the labour base ratio, this does not provide the host company with 
particularly useful information. Comparisons are difficult to make due to the 
specific nature of dissimilar organisations manufacturing costs. Companies 
would have to be within similar manufacturing industries, which involved capital 
investment of equivalent scale, to achieve any basis for comparison. 
3. Sales base = Total Quality Costs 
Net Sales 
= 0.10 
This ratio looks at the total quality cost related to net sales billed or the value of 
finished goods. It has been calculated at 0.,10 for the host company. This ratio is 
of some use to the host company due to its comparative wide use within industry 
for quality costing purposes. A number of other firms have reported quality costs 
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against this ratio, and it has been used extensively by the Department of Trade 
and Industry in the promotion of establishing quality costing schemes. 
4. Unit base = Total Quality Costs 
Units of Production 
= 0.00055 
The unit base ratio examines the'test and inspection costs related to the number 
of units produced. The quality cost per unit' has many advantages but it is 
necessary to take into account the effect of product mix, volume and value of the 
finished goods. This ratio was calculated at 0.00055. This is of little use to the 
host company for comparison purposes due the very large volume of components 
manufactured and the comparatively low selling price. 
This base would be of use were a low number of components were manufactured, 
and then sold on for a high price .. 
5. Added value base = Total Quality Costs 
Value Added 
= 0.76 
The value added base ratio examines the relationship between the total quality 
cost related to a measure of manufacturing activity (this being unaffected by 
fluctuation in sales and the costs of purchased goods and services). The ratio 
calculated for this base was 0.76. A figure for the valued added base was 
established in conjunction with the financial accounting department, who used 
readily available accounting data. 
This ratio does not give a good basis for comparison due to the industry specific 
nature of "value added" percentages. 
Of the available ratios the third,. "sales base", was the most applicable to the host 
firm. This ratio may be used in direct comparison with other firms, industries, etc. 
Of course, the other ratios may b,e used by the host firm itself - for comparison of 
a period on period nature. The industry results discussed in 5.4.2 will show the 
applicability of the applied sales base ratio. 
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5.4.2 Industry results: 
Musgrove and Fox (1990) maintain that quality costs easily represent twenty-five 
per cent of the sales volume within manufacturing industry. Within the service 
industry, sixty per cent of employee's time is spent double checking, rectifying 
and apologising for errors (32). 
According to Crosby (1979), when manufacturing organisations have carefully 
examined their quality costs, they typically found them to be as much as 
twenty-five per cent of the sales value: He maintains a similar pattern applies to 
organisations which provide a se.rvice, with a typical quality related cost figure of 
thirty per cent of operating costs (20). 
Crosby goes on to say that the first attempt to estimate quality related costs is 
notoriously prone to underestimation. He suggests thirty per cent of the true 
value. This is due to a whole host of reasons, such as; 
i) Information not collected before, therefore the data is difficult to find 
and often inaccurate. 
ii) some organisations' assume that "quality costs" refer to the cost of 
actually running the quality assurance department. 
iii) the costs of indirects, such as rejected and scrapped work in 
progress (W.I.P.) is overlooked. 
A breakdown of quality costs in terms of prevention, appraisal and failure, and 
also in the percentages of sales, for the host company, is shown in table 5.0. 
Quality costs were shown to be 10.74 per cent of sales turnover. An average 
quality cost figure was complied from the results of several case studies across a 
range of industries. For the different industries the average is 10.96 per cent of 
sales turnover (see appendix 3 for the specific tables consulted and table 5.2 for 
the averages). The host company's quality costs seem to be approximately the 
same as this industry average. However, comparison between different 
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industries should not be given too much importance due to the wide variety of 
definitions and elements of prevention, appraisal and failure within industries. 
The host company's quality costs seem to be approximately the same as an 
industry average. 
\ 
Quality costs at the level found seem to suggest that the host firm is performing 
well in terms of quality, but there are a couple of points that should be taken into 
consideration. Firstly, it is an acknowledged fact that not all the possible quality 
costs have yet been identified and included within the host company's figures. 
This is due to a number of reasons, i.e. the need to produce results within a 
certain timeframe; the difficulty of identification, collection and categorisation; the 
lack of sophistication of the host company's accounting system. In addition, a 
number of costs had to be estimated as it was not possible to accurately extract 
them without a great deal of undue effort. 
Table 5.2 below indicates a direct comparison between the results of this 
research work and the combined average of six other research studies (see 
appendix 3 for details of the specifics). The averages from other research studies 
are shown here to only to indicate the types of figures generally found. Due to 
the individual way quality costs are collected within different organisations and 
industries, direct comparisons should never be attempted. Any comparison 
would not be on a like for like basis. 
Host Company Industry Average 
Prevention 15.18 % 6% 
Appraisal 19.31 % 26% 
Failure 65.5% 68% 
Total 100 % 100 % 
Quality costs as a 10.74 % 10.96 % 
% of sales turnover 
Table 5.2 - Quality Costs 
Table 5.2 shows the quality cost figures for the host company that are very close 
to the average industry standard. However, within this figure there are some 
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subtle differences. Firstly prevention costs; these are over double in the host 
company compared to the industry average. This by itself should be considered 
a positive reflection on the host company, but curiously the figure for appraisal 
costs tells a different story. This is down on the industry standard by over 6 per 
cent. The above two results would not be just as curious if the failure cost were 
substantially different between the two. Instead the two figures are approximately 
same. 
Forming logical conclusions from limited information is difficult. However, making 
broad sweeping statements within a piece of work such as this is very tempting. 
So it may be said that the plastic injection moulding industry produces more 
residual scrap than the industry average, which may explain the same level of 
failure costs when compared to the extra investment in prevention. Of course, 
one could argue that if the host firm spent more money on appraisal, to bring it 
somewhere in line with the industry average, the failure costs would automatically 
reduce. 
5.5 - Critical evaluation of the management information system in relation to 
quality issues. 
Initially the management information system within the host company reported 
few items of direct relation to quality. The level of performance on three items 
were reported monthly by the Commercial Manager to the Operations Director, 
these were the number of deliveries to customers that were "on time", "on 
quantity" and "on quality". The level of scrap produced was given in the monthly 
profit and loss account, but this figure was regarded as inaccurate due to the high 
level of stock take differences reported monthly (this meant scrap was not being 
booked onto the business information system, and the difference was seen as 
unaccounted for stock). 
The continuous improvement and quality costing initiatives have produced a 
number of changes to the above. The Commercial Manager still reports using the 
three categories and the scrap value is given in the management accounts (it is 
now accurate given the improvements made in measurement systems - see 
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chapter seven for specific examples). However, a number of other reports are 
now provided as a result of this research: 
i) Customer complaints are collated per customer on a trend basis, and 
cumulative plots are made monthly to ascertain progress. See appendix 
two for an example. 
ii) A quarantine stock figure is provided monthly. This indicates a financial 
value for goods requiring sorting or re-work. See appendix two for an 
example. 
iii) A value of the returns from customers is now plotted monthly . 
. 
iv) The Operations Director now reports on the quality costs of the host 
. company on a monthly basis. 
The above are all presently collected and collated by site personnel. The next 
stage will be to have the accounting system reporting as many as possible. 
, 
5.6 - Critical evaluation of the Prevention, Appraisal and Failure model. 
The Prevention, Appraisal and -Failure (P.A.F.) model worked. It provided a 
proven system for the collection, presentation and use of quality costs. A number 
of well documented case studies exist within the literature, consultation of these 
was possible for advice on particular applications of the P.A.F. model. Indeed, 
the substantial work already carried out, and reports produced from this work, 
proved invaluable to the completion of this research. 
The model itself was easily understood by all levels within the organisation, from 
senior management to the operators of the moulding machines. 
,. 
As already discussed within chapter three - Plastic Injection Moulding: An 
Introduction to the Host Company, the quality costing research was part of a 
much bigger programme implementing the concepts and ideas of T.Q.M. 
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(continuous improvement). As such, quality costing was introduced to the 
workforce through the use of existing case studies within the literature. 
These case studies demonstrated, to a workforce who had not been exposed to 
any of the modern "quality techniques" (the site had missed the quality revolution 
of the early eighties), that methods existed which could help their improvement 
project justifications. 
Essentially the workforce, at all levels, were exposed to a methodology that 
demonstrated that direct actions could affect the "bottom line" of the profit and 
loss statement. 
Specific examples of the above are demonstrated within chapter seven, section 
7.3. Chapter seven shows how the five shift teams within the host company used 
the quality costing justification method to make tangible process improvements, 
and as a result cost savings. 
As a quality cost collection system the P.A.F. model proved easily adaptable to 
the plastic injection moulding industry. This may have been aided by the fact that 
a manufacturing organisation was being targeted. The P.A.F. model is seen to 
favour traditional engineering industry and production processes, perhaps 
because of the history involved in its development (this has already been detailed 
within chapter two, section 2.3). 
The P.A.F. model does what is required of a quality costing tool - it gets attention, 
holds attention, and focuses that attention on areas for improvement. It also 
guides this improvement by providing feedback. As mentioned briefly above, the 
model was used as an important element within a total quality management 
improvement drive, as such it provided the necessary impetus to motivate nearly 
the entire site. Money has a way of focusing peoples attention on specific goals! 
A minor disadvantage of the applied model is that it took some time to gather the 
financial figures for the "macro" level analysis. The shift teams were using 
financial information for justification of specific projects, this was analysis at a 
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"micro" level. Actually setting up collection systems for costs not available from 
the company financial system did not take long (see section 5.2 for full details). 
However, -once established the data was gathered on a monthly basis, and the 
decision was made in conjunction with the senior management team to collate 
twelve months figures before discussing trends. This information is still regularly 
collected and the information base is growing, further progress is discussed in 
chapter eight, section 8.7. 
It is also recognised that not all relevant costs will have been identified and 
collected, and that some must have been missed. This was a conscious decision, 
made in conjunction with the company's financial accountant. The major cost 
areas were identified and targeted for collection, at this stage expanding large 
amounts of effort to gather costs to the last penny was not considered necessary. 
The large cost collection areas would fulfil the requirements of the exercise, 
whilst making best use of limited resources. 
Other potential problems that had to be balanced (for the sake of producing some 
form of result) were: 
i) Omissions; 
ii) Over estimation; 
iii) Double counting; 
iv) Allocation of overheads; 
v) Built-in scrap allowances. 
These are fully detailed within chapter eight, section 8.6.1. 
During the course of the research, the data collected and presented to the senior 
management team was used as part of the strategic decision making process. 
This was a major achievement, primarily because it was one of the main thrusts of 
the original research proposal. It was also important because the results 
collected needed to be presented to the senior management team in such a way 
as to demonstrate the usefulness of this "new" information source. The senior 
management's continued commitment to the philosophy involved in quality 
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costing was as important as the shift teams actually using simple justification 
techniques. Both involved an envelopment of new concepts, and the use of new 
methods. 
Essentially, the data generated by the P.A.F. model enabled the identification of 
problem areas and the rectification of these problems. It also allowed the 
-investigation and identification of sources of problems, through the identification 
of the greatest cost areas. Chapter seven details some specifics of the 
identification of problem areas, and the solutions devised. Examples of the 
practical application of the P.A.F. model clearly indicate its usefulness within this 
particular industry. 
To conclude this chapter, the work carried out indicates that the categories of 
prevention, appraisal, and failure are suitable for the collection of costs in the 
plastic injection moulding industry. It also demonstrates that they can be 
considered a useful quantitative way of evaluating quality related activities. Many 
elements are readily identifiable', and through the use of existing cost models the 
creation of industry specific categories is achievable. 
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CHAPTER SIX 
FINDINGS: PROCESS MODEL_ 
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6.0 Introduction 
This chapter aims to present the preliminary findings of the Process model 
research, then the main findings. It will then compare the quality cost data, 
generated within industry, with the actual findings of this research. The chapter 
will conclude with a critical evaluation of the use of the Process model within the 
plastic injection moulding industry, and specifically, the host company. 
The chapter is divided into the following sections: 
6.1 - Preliminary findings. 
6.2 - Findings. 
6.3 - Comparison between results obtained in the study and those given 
in the literature. 
6.4 - Critical evaluation of the model. 
6.1 - Preliminary findings. 
In order to begin working with the concept of the Process Cost Model, it was 
necessary to first develop a general flow chart for the host site's entire 
manufacturing processes (see appendix 4). Many sources were used for this 
task, i.e. the quality manual, formal and informal interviews with day staff and shift 
personnel, and physically following the process through from beginning to end. 
The Process model, even at this early stage, was very complex to administer. 
This was exaggerated because the effort required to establish the model did not 
seem to generate much data. The resulting flow charts do, however, have the 
benefit of presenting the organisation's manufacturing process from beginning to 
end, and are easily understood. 
Once this document was generated a specific area was selected for more 
detailed examination. This was done in conjunction with the senior management 
team. 
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No financial results were generated at this stage. Once the entire manufacturing 
processes had been flow charted it was obvious that a smaller area would need 
to be selected for examination, due to the complex nature of the organisation's 
processes. 
6.2 - Findings. 
After the development of flow ,charts for the host company's manufacturing 
processes the decision was made, again in conjunction with the senior 
management team, to use the Clean Room as the pilot for the Process Cost 
model. 
The next step in this method was to determine the specifics of the manufacturing 
process (see flow charts in appendix 4). Therefore the identification of inputs, 
outputs, controls and resources began, as per BS 6143: Part 1: 1992. 
From the basic Process model, as shown in figure 6.0 (repeated from chapter two 
figure 2.2), which detailed the inputs, outputs, controls and resources, the 
process cost elements were identified and recorded in some detail, as per BS 
6143. 
CONIROLS 
... ... 
r 
INPUTS PROCESS OUTPUTS 
... 
, ,. 
I 
RESOURCES 
Figure 6.0 {32} - Process Model 
The inputs and outputs for the host company's Clean Room moulding and 
assembly processes is shown in figure 6.1. 
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Figure 6.1 - Inputs & Outputs of Clean Room Manufacturing Processes 
Again, as per BS 6143, a Cost model was generated for the targeted 
manufacturing department. The Cost model details the key activities, the main 
cost of conformance categories, and the main cost of nonconformance 
categories. 
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According to BS 6143: Part 1: 1992, a cost model may be generated for any 
process within the organisation. It may be used to identify and monitor process 
costs within one particular aspect of the organisation such as an invoicing 
system, works order distribution system or the recruitment process. Alternatively, 
it may be used to monitor the overall cost of a specific department. 
The cost model developed for the host company is shown in figure 6.2. 
Key Activity Cost of Conformance Cost of Non-Conformance 
Planning, production, . Partial cost Partial cost (effect of 
engineering work study, cost engineering change, 
control, materials & process planning errors, etc). 
laboratory. 
Production inspection & test "Good" hours Reinspection I retest I 
costs. booked. fault finding. 
Test gear depreciation, Total cost. 
calibration and preventative 
maintenance. 
Breakdowns. Total cost. 
Production costs. "Good" hours Rework . 
. booked. 
Material costs. Estimated cost. Scrap cost, overspend. 
Waiting time. Total cost. 
Cost of work held due to Total cost. 
shortages. 
Figure 6.2 - Cost Model for the 
manufacturing dej2artment. 
BS 6143 goes on to give specific advice as to the generation of cost models: "The 
cost model is constructed by identifying all the key activities to be monitored and 
listing them as either cost of conformance (C.O.C.) or cost of nonconformance 
(C.O.N.C.). The source of the data should also be identified. Ideally this source 
of data should be from information already collated within the finance function. In 
some instances, however, it may be necessary to generate synthetic cost data. 
Careful setting up of the cost model is critical to the success of the technique and 
is the first task of the process owner. Once set up, the model is used for regular 
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reporting on performance. In order to achieve this, the model needs to remain 
stable to allow comparison with previous periods to be made and cost trends to 
be monitored" (36). 
The final stage in the development of the process model is the generation of the 
Process Cost report. This is simply a basic form which is used for the actual 
collection of process costs. The report should contain a complete list of the costs 
of conformance and nonconformance elements. 
The Process cost report developed for the host company is shown in figure 6.3. 
This has been adapted from SS 6143, Part 1, 1992, and is shown here in 
abbreviated format. The full form can be seen in appendix 4. 
6.2.1 - Results of the process model 
Due to the need to concentrate resources on the Prevention, Appraisal, Failure 
model (P.A.F.), no financial results were generated for the host company as part 
of the Process model research. However, various process flow charts and basic 
cost reports were generated (see appendix 4). These will be of great use to the 
host company at a later stage. 
Although no specific cost data was generated it is possible to use the results from 
the P.A.F. model in order to demonstrate the type of information that may have 
been presented. This approach is suggested by SS 6143: Part 1: 1992, where it 
mentions the relationship between the Prevention, Appraisal, Failure model 
(P.A.F.) and the Process Cost approach. Particularly relevant to this research 
project is section four of the standard, it states; 
"There may be a need to link the P.A.F. model with the process cost model. 
Particularly where quality costs have been reported in the traditional manner and 
are understood and accepted by some people within the organisation. In such a 
case the cost of conformance might initially be considered to comprise prevention 
and appraisal costs plus the basic process costs, and the cost of 
nonconformance to be the failure costs." (36) 
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Process Cost Process Cost Cost data 
conformance Act Syn £ NoncoQformance Act Syn £ 
People Produced 
Assembly, inspec hours x 
& test. hourly rate. 
Rework I retest I Hours x 
reinspect hourly rate. 
"' 
Waiting time Hours x 
hourly rate. 
Equipment Capital 
Cost of equip assets 
required for work. inventory. 
e.g. depreciation, 
Cost of equip for Capital 
rework assets 
Environment Accounts 
floor space, maint, 
services 
Floor space, etc. Accounts 
for rework 
Materials & Cost 
Methods estimate 
Purchased mat, 
Scrap, Scrap 
contingencies, report 
mat price vari. 
Task allocation, Accounts 
supervision of 
-
Fault finding Accounts 
guides, cost of 
change. Training. 
Total process Total process 
conformance cost nonconformance 
cost 
/" Prepared by: 
Figure 6.3 - Clean 
Room Process ( 
Cost Re~ort. 
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Using this suggestion from BS 6143: Part 1: 1992, the results from the 
Prevention, Appraisal, Failure model research can be taken and combined to 
produce a "cost of conformance" for fifteen periods (the financial results have 
been shown as a simple index in order to maintain company confidentiality). The 
failure costs have been re-labelled "cost of nonconformance". 
Figure 6.4 below represents the cost of conformance and nonconformance. 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
Quality Costs - C of C & C of Non C 
A Conformity 
• NonC 
Figure 6.4 
As the data used for the construction of figure 6.3 is the same as that discussed 
within chapter five - Findings: P.A.F. Model, the analysis is essentially the same 
here. 
To reiterate slightly, the noticeable peaks of the costs of nonconformance are 
attributable to large customer rejections of finished goods. As before, a 
noticeable reduction in nonconformance costs is demonstrated. This trend is 
illustrated by line "A". 
Curiously the nonconformance costs go below the cost of conformance for three 
of the last seven periods, indicating an increasing trend (i.e. performance is 
improving). 
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These results could be considered quite a contradiction, in as far as the level of 
perceived quality appears to be improving (a reduction of nonconformance cost) 
with no extra investment (increase in conformance cost). As detailed within 
chapter seven - Quality Improvements Through Quality Costing, these gains have 
been made as a direct result of the continuous improvement initiative and have 
not necessitated a large capital investment. Another factor to take into 
consideration is the increased "quality" awareness of the host company's 
operators - there are now one hundred "quality inspectors" on the site. Quality is 
seen as very much everyone's responsibility, not just the quality department's. 
6.3 - Comparison between results obtained in the study and those given in the 
literature. 
There appears to be very little published on quality costs generated using the 
Process model, the only example the author of this thesis could find was that of 
Rawlins (1993). As the results of the process model research within the host firm 
are very limited, due to the restricted nature of the data collection, no attempt has 
been made to compare them. However, in order to give a general representation 
of the type of results potentially available, extracts from a brief paper by Rawlins 
are presented below. 
Rawlins (1993) completed her research work within G.E.C. Alsthom Engineering 
Limited, a division that designed, manufactured and supplied instrumentation and 
control systems for the power generation industry (37). 
Process flow charts were designed, then two company wide runs were completed 
which lasted one month each. The results of this work are shown in table 6.0. 
Using the results from the above table (table 6.0) Rawlins carried out a Pareto 
analysis. This was used to indicate the major nonconformance activities. Using 
this information it was then possible for her to define and target the priority areas 
for improvement within the organisation. 
Page 125 
Chapter Six 
First Run Second Run 
Time Period 31/05/93 to 25/06/93 30108/93 to 24/09/93 
COC (collected) £301,000 £357,000 
COC (predicted for year) £3,612,000 £4,272,000 
CONC (collected) £40,000 £35,000 
CONC (predicted for year) £484,000 £420,000 
CONC (% of total labour cost) 11.8% 9% 
Table 6.0 - Rawlins Results 
As well as the direct impact detailed above an advantage stated by Rawlins was 
the positive change in peoples attitudes. This, she said, led to "better 
interdepartmental understanding" and "process ownership by even indirect 
employees" . 
Obviously, any exercise that exposes financial waste to a workforce (especially 
one that is paid a bonus based on the results achieved) is almost certain to 
provoke interest. This interest, if utilised and managed in the right way, will 
precipitate a certain degree of process improvements. 
6.4 - Critical evaluation of the model. 
In so far as the model was adopted, it did not appear to be as "user friendly" as 
the P.A.F. model. The data required to fulfil the research at this stage was not as 
readily available as that of the P.A.F. model and was substantially different from 
that of the P.A.F. model. New information retrieval methods would have been 
needed and systems for the collection of the required information would have had 
-
to be developed essentially from scratch, within what was a traditional accounting 
structure. 
The Process model also proved difficult to work with. This was due to the effort 
required to create the various flow charts, forms and diagrams needed to even 
begin the exercise in earnest. The identification of inputs, outputs, controls and 
resources proved difficult and provided no real return for the labour. 
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Another factor against the Process model was the attitude of the host company's 
personnel. They did not understand why it had to be so complicated in order to 
achieve essentially the same end-result as the P.A.F. model. They were familiar 
with, and understood the concepts of this simple model due to the continuous 
.. 
improvement team meetings at which they used it for justifying projects (see 
chapter seven - Quality Improvements Through Quality Costing, for examples). 
Some of the company's personnel recognised that the complete analysis of the 
sites activities into interlinked proces.ses would actually have hidden 
inefficiencies. That is, if a particular area is running according to stated 
procedure's, even if the procedure's are inefficient, the costs will be allocated to 
the cost of conformance, not the cost of nonconformance. A measurement 
system is worth having only if the personnel required to use it actually understand 
it. 
An advantage of the Process model is that costs do not have to be identified and 
categorised as prevention, appraisal or failure. This, to be fair, can be a difficult 
task. However, categorisation is helpful because it reminds the user that costs 
classed as failure are all potentially avoidable. 
Of course, in not challenging cost categorisation the Process model does not 
allow at any stage for the "serv,ice" aspect of quality costs. A large proportion of 
costs could potentially be missing, therefore, from any investigation. 
In terms of highlighting opportunities and needs for quality improvements, the 
author considers the Process Cost model a retrograde step for any organisation 
embarking on a cost exercise for the first time. This concept is explained more 
fully in chapter eight - Conclusions and Recommendations. 
Conversely, using the categories of people, equipment, materials and 
environment for analysing what is happening within a process is an excellent aid 
to understanding and improvement it. 
It was therefore determined that the host company was not yet advanced enough, 
in quality costing techniques, for the use of the Process Cost model. It would 
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have taken an unprecedented amount of input to achieve essentially the same 
end-result, a sharp focus on quality issues. 
The Process model would perhaps have been of more use at a lower level of 
aggregation, i.e. in examining a highly specific area, such as an individual 
moulding machine. It may then have been used in conjunction with the P.A. F. 
model, which has proven more adept at working at a higher aggregation level. 
Finally, the author was acutely aware that the objective of the research project 
was to determine detailed quality cost results and analysis within the host 
company. Also important within the research was the need to identify how 
relevant and usable a cost of quality methodology was within a high volume 
production environment for the progression of a continuous improvement 
initiative. Therefore, pursuit of the Process model for the sake of pure research 
would have wasted valuable resources and time. There was a need to balance 
the hypothetical research needs of the thesis, with the real life requirements of 
the host firm for tangible results. 
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CHAPTER SEVEN 
QUALITY IMPROVEMENT 
THROUGH QUALITY COSTING 
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7.0 Introduction 
The aim of this chapter is to present some of the improvements made, within the 
framework of the continuous improvement drive, as a result of the quality costing 
initiative. 
The chapter is divided into the following sections: 
7.1 - Early results. 
7.2 - Use as a continuous improvement tool. 
7.3 - Tangible results. 
7.4 - Conclusions 
7.1 - Early results. 
As previously detailed within chapter four, section 4.3.1, the initial work for this 
~ 
thesis was started within a single manufacturing unit at one of the host company's 
two sites in the United Kingdom. The level of scrap produced by the 
manufacturing process was not accurately recorded within the department at that 
time. Therefore, to raise management and operatives aw~reness, it was agreed 
to measure and plot the scrap produced. As this exercise began, it became 
apparent that the production manager of the department had actually been 
collecting the scrap figures for some time, but had not communicated this 
information to anybody. The first step was to plot this existing information in 
order to demonstrate to people the extent of the "scrap problem" (figure 7.0). 
The general weight of the scrap created was used as the reporting factor. This 
was done because it proved difficult to work out the individual scrap material 
cost, as so many different grades of plastic were used. The scrap figures 
generated did not differentiate between the grades of plastic used. The next step 
was to select a specific problem area and monitor the scrap produced. This 
information would then, for the first time, be communicated to everybody in 
specific cash terms. 
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Figure 7.0 - Scrap Figures '92 - '93 (given in kilograms) 
The purpose of this exercise would be twofold, to raise management and 
operatives awareness of the potential for saving within the existing structure, and 
to demonstrate a formal method of doing so. This exercise would aid both the 
continuous improvement and quality costing projects by highlighting the hidden 
potential in various situations. It would demonstrate the possibility of identifying 
and designing out the "black holes" that were sucking profit out of the business. 
,One of the first monitoring exercises carried out was of the scrap produced at a 
particular moulding machine. This scrap was highly visible, and considered 
extremely wasteful by both operators and management alike, but had never been 
formally quantified before. 
The moulding machine was visually monitored for. a representative one hour 
period. Table 7.0 represents the findings of the analysis. It should be noted that 
the scrap produced was actually components that had not fallen from the mould 
tool straight onto the machines handling system (a mechanical conveyor), any 
such components were either crushed by the mould tool or landed on a machine 
ledge where they would be contaminated by machine lubrication. In either case 
the components would be regarded as scrap. 
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Scrap Analysis 
Cycle time - 6.2 seconds 
Monitoring Period - 60 minutes 
No. of cort;lponents produced - 6960 
No. of vis able scrap - 319 
Approximate scrap = 5% 
Scrap Cost 
Over twelve hour peroid = £62.89 
Over seven day period = £440.26 
Over one month = £1761.04 
Over one year = £21132.48 
Table 7.0 - Scrap Analysis 
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After a brainstorming session, where this information was shared with production 
operators, this particular problem was cured at a cost of £150 (the solution 
generated was the fitting of side guarding to the mould tool). The guarding was 
manufactured, fitted and the subsequent analysis (using the same method of 
study) proved the solution one hundred per cent effective. 
Within the department this was the first time data was generated and used solely 
for cost saving and process improvement purposes. Problem areas were 
identified and prioritised for action by careful measurement and analysis. The 
size and scale of process waste areas were taken into consideration when 
allocating improvement resources. This marked the start of a real change in 
emphasis for the management team who now looked for increases in process 
efficiencies by making the most of existing resources. That is, they realised the 
potential of maximising machine efficiencies through identifying waste elements 
within the manufacturing process. The task of the management team at this point 
was to utilise the interest of the operatives, and "manage" the enthusiasm for 
improvement. 
The various teams within the department continued analysing problem areas, 
brainstorming the reasons for the inefficiencies, establishing and implementing 
long term solutions. Over a period of ten months scrap decreased by fifty per 
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cent through the team initiatives. This saved approximately £250 per week 
initially, with an annual saving of over £15, 000. 
Other initiatives being implemented at this time (not always directly cost related) 
included: 
i) Brainstorming sessions on customer specific problems. 
ii) Documentation reviews. 
iii) Review of number of suppliers being used. 
iv) Establishing regular News Sheets for the department. 
v) Setting up visits to customers for department personnel. 
These initiatives took place at the same time as the scrap reduction exercise. 
They had a very positive effect upon the area in terms of moral. Unfortunately, 
quantifying the savings made as a direct result of the actions was not high on the 
priority list at the time. This was rectified when the continuous improvement 
programme became established at the host company's other site. 
7.2 - Use as a continuous improvement tool. 
The use of quality costing as a continuous improvement tool have already been 
outlined within chapter two, section 2.2. To reiterate slightly, and to use perhaps 
the best of the direct quotes, Dale and Cooper (1992) put forward the view that; 
"Western organisations 'and their management are judged over relatively 
short periods of time. Therefore, committing large amounts of money in 
quality improvement programs without some measure of cost effectiveness 
can be considered a blind act of faith, and is contrary to the way in which 
western businesses operate" (10). 
This is the key use to which quality costing models can be put to within any 
organisation. 
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During the initial stages of the continuous improvement drive at the host firm 
focus was required. Quality costing provided that and really got people's 
attention. A measurement-control-action loop was used to identify specific areas 
for improvement, this focused on the need to address numerous high profile 
issues (Le. to reduce the scrap created during the manufacturing process). 
Individual projects targeted by the shift teams had an impact upon a number of 
manufacturing areas. When combined they had a great impact on the total 
quality costs within the host company. 
As discussed in section 3.6, the concept of quality costing was introduced to the 
personnel of the host company during the initial presentations on continuous 
improvement (see appendix 1 for copies of the slides used). This brief 
introduction covered the simple use that the determination of failure costs could 
be put to. Examples of the exercises carried out at the other site (see section 
7.1) were used. 
It was important to demonstrate that quantifiable techniques existed to work in 
conjunction with the simple tools and techniques of continuous improvement, 
such as brainstorming, fishbone diagrams, Pareto analysis, etc. The change 
taking place in the quality culture needed to be supported by methods of 
identifying and highlighting potential improvement projects. The best way, for the 
host company, of demonstrating this was for the management team to listen, and 
act, upon improvement suggestions presented by the teams. The best tool for 
achieving this was quality costin~f 
The support for both the quality costing initiative and the continuous improvement 
drive came from the top of the organisation. For example, the Operations 
Director, at a team meeting, stated "if you can demonstrate to me that spending 
£1000 will pay for itself within two months, and continue to save resources after 
that, you can have the money for any project". This statement had quite an 
impact upon the teams, who now began to realise the full potential of the 
opportunity they were presented with. 
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The results of the improvement team initiatives, presented below, are a direct 
outcome of both the enthusiasm of the host company's personnel and the senior 
management's commitment to the continuous improvement programme. 
7.3 - Tangible results. 
The examples that follow are selected from the successful projects instigated by 
the hosts firms continuous improvement teams. Each of the projects was initiated 
on the basis of reducing a failure cost, and the actions necessary to eliminate the 
problem were justified on the basis of an increase in the prevention cost and a 
predetermined pay back period. The projects vary in terms of the cost of 
implementation and the impact they achieved, but all prove the benefit of using 
quality costing as a driver of continuous improvement. 
Example One 
In order to accurately monitor the scrap being generated a new form was 
introduced to the host company (see appendix 5). This simple form was intended 
to accurately record the waste material produced during specific shifts. Because 
of the categories used on the form it was possible to determine a number of 
things: the type of raw material; the production order against which the scrap 
would be booked; the part number of the product; the reason for scrapping; the 
approximate weight. An example of the breakdown analysis can be viewed in 
appendix 5. 
A number of weeks after the introduction of the waste material form a "Scrap 
Team" was created. This team monitored the results being generated and 
prompted improvement projects. They also monitored the "stock take 
differences" on a monthly basis. This is an important area in any manufacturing 
organisation because it indicates the efficiency and control of the system within 
which people work. Four months into the waste material monitoring process two 
members of the scrap team did a series of presentations to the entire wo rkforce. 
These presentations were essentially a "pat on the back" to the workforce for the 
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effort they had put into accurately recording scrap. Copies of the presentation 
slides are presented in appendix 5, and the basic elements are shown below: 
Raw Material Lost at Stock-take 
November 1993 - Polymers - £15,200 
- Masterbatch - £4,771 
- Total =£19,971 
December 1993 - Polymers - £9,500 
- Masterbatch - £6,400 
- Total =£15,900 
January 1994 - Polymers - £6,925 
- Masterbatch -£1,417 
- Total =£8,342 
February 1994 - Polymers - £700 
- Masterbatch - £1,600 
- Total =£2,300 
February's figures marked a seventy two per cent improvement on January 1993, 
an eighty four per cent improvement on December 1993, and an eighty eight per 
cent improvement on November 1993. Quite an achievement. 
The above figures demonstrated that scrap was now being booked onto the 
business information system. Before this improvement in the reporting of scrap 
took place the management team knew it was being generated, but were unable 
to accurately quantify it. This was traditionally another of the "black holes" within 
the company. 
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Example Two 
Another area targeted for improvement by the scrap team was the "spillage" of 
components from the moulding machines. This had been a problem since the 
factory was built. It involved components bouncing off the mechanical conveyor 
system onto the floor, and once on the floor the components were designated as 
scrap (due to contamination). The waste material monitoring (example one, 
detailed above) highlighted this as a major area for improvement. The scrap 
team held a series of brainstorming sessions with the site shift teams and 
generated a number the potential solutions. The most likely to succeed was 
trialed first. 
The idea trialed involved mounting what was described as an "inverted fish tank" 
on the bottom of the machine conveyor. Funding for the project was sought 
through the use of purposely designed justification sheets (see appendix 5 for 
copies of this examples sheets). Essentially one purpose built guard was 
required, at a cost of £250, to trial for a one month period on the worst affected 
.. 
moulding machine. This particular machine was identified through the analysis of 
the data provided by the waste material form, as detailed in example one. The 
team accurately monitored the spillage on this machine, put the guard in place, 
and monitored it again. The results were encouraging, a ninety per cent 
reduction in scrap! The guard was left in place for one month, to ascertain any 
design modifications that might be required, and to elicit operators opinions and 
views. 
As all feedback was positive and'the trial judged a success, a second justification 
sheet was filled in asking for £5016 to order twenty two guards (slightly modified 
to reflect suggestions made by some of the operators). The pay back period was 
calculated at six weeks, based on the potential savings to be made. This project 
was signed off by the Operations Director, and the guards were purchased and 
fitted over a time period of three months (the team had to compromise with a 
staggered flow of capital). The guards proved to be completely successful and 
are still in place twenty months later. The estimated saving during this period has 
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been approximately £20,000, which has been reflected within the company 
accounts. 
Example Three 
The continuous improvement shift teams were also working on reducing the 
amount of scrap produced. B shift targeted one of the items of automated 
equipment on the site, the "tipping" station. The tipping station transfers finished 
goods from the plastic Tote boxes to cardboard boxes for shipment to the 
customer. The problem with the line was that on some occasions the Tote boxes 
would queue up behind each other on a sharp corner approaching the lifting 
mechanism, this then pushes a number of the boxes off the rollers and onto the 
floor. Once product has been on the floor it is designated as scrap and is 
unusable. The idea B shift generated involved fitting a hydraulic stop switch to a 
straight section of track, which would enable the operator at this station to stop 
boxes proceeding to the sharp corner. 
As with the previous example a period of monitoring took place which entailed 
quantifying the amount of product wasted over a given period. The findings 
surprised everyone, over a seven day period £344.55 of finished goods were 
scrapped due to the above problem. 
A stop switch was priced at £200 and a justification sheet was again filled in and 
presented to the Operation Director (copy of the sheet in appendix 5). The 
pay-back period for this project was four days (£50 per day). The project was 
passed off and has been in place for fifteen months, savings during this period 
approximately £20,000. 
Example Four 
Another area of component spillage was the automatic in-line counters of the 
moulding machine handling system. This featured vibrating bowls with built in 
counters, the components being counted as they fell into the Tote boxes. 
Problems occurred when the volume of components being deposited into the 
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vibrating bowls exceeded their physical capacity. When this happened spillage 
of components onto the floor. occurred, and as before, once on the floor the 
components are scrapped. 
C shift generated the idea of fitting a shield around the edge of the vibrating bowl, 
which would increase the bowls capacity by approximately sixty per cent, hence 
preventing spillage occurring. The shift members actually trialed this idea by 
wrapping cardboard around the edge of one bowl and monitoring performance. 
The results were so encouraging the idea was immediately passed off as 
approved. Essentially, quantified savings would total approximately £20 per 
machine per week, on the worst machines. Approximately £10,000 has so far 
been saved. The cost per vibrating bowl for the modification was £30, a 
pay-back period of a week and a'half. 
Example Five 
E shift targeted two specific moulding machines for improvement in efficiencies. 
The moulding machines in question were constantly stopping due to a particular 
process failure. This problem involved the in-line sprue grinder (sprue is a 
by-product of certain injection moulding tools, it is plastic from the runner system 
not used in the formation of th~ finished component which can be ground up 
immediately for reuse by the machines material handling system) which could not 
always keep up with the number of sprues put to it. This problem resulted in the 
moulding machine stopping when it detected an unacceptable number of sprues 
in the grinder neck. Once the machine stopped it required an operator to purge 
the sprue (by pulling them out and throwing them away) and restart the machine, 
this would waste a number of components before the process parameters fully 
reset themselves. 
When the shift fully analysed the problem they concluded the sprue design was 
at fault because it did not drop into the grinder cleanly every time. This resulted 
in sprue sitting on a ledge just on top of the grinder, which then resulted in a build 
up. They trialed various modifications, by cutting out sections of the sprue runner 
system until they found the correct combination. Eventually four sections of the 
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runner system were blanked off. The modification successfully prevented any 
build up of sprue between the grinder and the tool, with the sprue able to fall at 
any angle and still be taken in by the grinder. 
The modification cost £40 for each machine and has provided a quantified annual 
material saving of £14,000. The operators main benefit is that they are not called 
to the moulding machine every seven minutes to restart it. 
Example Six 
Wastage of cardboard boxes was a project tackled by A shift. The site has an 
automated cardboard box erector which feeds to the tipping station (as described 
in example three). The equipment was on an annual service contract with the 
manufacturers, but was seen to produce a large number of unusable boxes. The 
shift monitored the performance of the equipment and found the following results: 
First Study of Box Erector (Study period = 11 shifts, 88 hours). 
- Number of boxes lost averaged 2 per hour (176 boxes). 
- Cost of each box = £0.47. 
- Loss per day 
- Loss per week 
- Loss per year 
= 48 boxes 
= 336 boxes 
= 17,472 boxes 
= £22.56. 
= £157.92. 
= £8211.84. 
On the basis of the above information the Shift Manager issued a memo to the 
other Shift Managers asking them to take part in a preventative maintenance 
programme. This was implemented for a three month period, at the end of which 
the shift performed the same analysis: 
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iii) Efficiency improvements of existing equipment: 
- Example five and the fitting of lights example. 
iv) Reduction of waste: 
- Example six. 
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Measurement, improvement, and the cost of quality are linked through the above 
examples by the fact that over the monitoring period for collecting quality costs 
many improvement took place. These improvements were reflected, using the 
Prevention, Appraisal, Failure model, by a recorded reduction in failure costs, i.e. 
a physical fall in volume of the scrap created. This is an important point because, 
as will be discussed within chapter eight, section 8.4, the host company is at a 
certain stage in the progression towards constant and accurate quality cost 
monitoring (the beginning). As such it has really only started using the quality 
cost information generated on a micro scale (or high level of aggregation) to push 
through process and system improvements. 
The examples detailed within this chapter are a representation of the efforts 
being made to reduce the highly visible waste elements within the host 
company's manufacturing process. Chapter eight will put forward the discussion 
point that an organisation needs to progress through a number of stages before 
utilising the information generated as part of a quality costing exercise fully at a 
. 
macro level. For example, it might be some time before the strategic decision 
can be made to increase specific prevention costs in an effort to reduce current 
failure costs. These concepts will be discussed more fully in chapter eight, 
section 8.4. 
7.4 Conclusions 
To conclude this chapter, it should be stressed that the quality costing initiative 
worked towards driving through process and system improvements. In 
conjunction with the above examples, other quantifiable results include: 
Customer complaints reduced by forty per cent through team working over a 
twelve month period. The teams targeted the complaints from customers that 
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Second Study of Box Erector (Study period = 11 shifts, 88 hours) 
- Number of boxes lost averaged 0.34 per hour (30 boxes). 
- Cost of each box = £0.47. 
- Loss per day = 8.61 boxes = £3.83. 
- Loss per week = 60.27 boxes = £28.32. 
I 
- Loss per year = 3134.04 boxes = £1472.99. 
The above is equal to an eighty two per cent saving on the cost of the wasted 
boxes (annual saving of £6,738.85). The project proved to the Engineering 
Manager the benefit of planned preventative maintenance on the box erector. 
This has now been incorporated into the planned maintenance schedule for the 
whole site. 
Once again a team justified the requested resources through the use of failure 
costs. 
Other examples exist of improvement projects within the host company, some like 
those above have clear quantifiable benefits, others are less tangible such as the 
fitting of flashing lights. The lights were placed in a prominent position on the 
moulding machines, these allowed the operators to see which machine had 
-------stopped-;-The-fitting-of-visual-alarms-has-increased-the-operator response time by 
approximately twenty per cent, and also allow the operator to prioritise which 
machine needs attention more urgently when more than one alarm triggers. 
The above examples can be categorised into the following four areas: 
i) The scrap recording and analysis established accurate logging of waste 
raw material and finished goods. This in allowed specific problem areas to 
be highlighted and targeted for attention. 
- Example one. 
ii) Reduction of finished goods scrap being produced: 
. - Examples two, three and four. 
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traditionally cost the company the most money; "Supplier Excellence" awards 
have been received from two major customers within the last six months, as a 
result of increasing supply performance; The combined work of the shift teams 
has saved approximately £70,000 to date by targeting the failure costs 
highlighted by the quality costing initiative. 
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CHAPTER EIGHT 
CONCLUSIONS AND 
RECOMMENDATIONS 
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8.0 Introduction 
The aim of this chapter is to outline the conclusions that can be drawn from the 
research, and to put forward a number of recommendations for future study. 
This chapter is divided into the following sections: 
8.1 - Impact and effect of the quality costing research. 
8.2 - Problems encountered during research. 
8.3 - Critical evaluation of the research methodology. 
8.4 - Guidelines for quality cost collection and analysis in the packaging 
industry. 
8.5 - Limitations of quality costs. 
8.6 - Establishing a quality cost reporting system. 
8.7 - Recommendations for future research. 
8.1 - Impact and effect of the quality costing research. 
A true culture change has taken place within the host company, driven by the 
continuous improvement and quality costing initiatives. Machine operators now 
have the means of extracting financial information in order to justify 
manufacturing process improvement projects and the host company shift teams 
are selecting projects to tackle within the overall quality cost reduction 
programme (Le. all departments are striving to improve continually). Examples of 
these are outlined in chapter seven, section 7.3. 
The quality costing initiative worked in tandem with the continuous improvement 
drive. This was carefully managed as quality cost information is of little use if it is 
not accompanied by an effective improvement programme that will design out 
areas of waste and nonconformance. All personnel were aware of the potential 
savings to be made, and of the empowerment taking place. The individual shift 
teams put suggestions forward, which were vetted by the senior management 
team. 
Page 145 
Chapter Eight 
The suggestions had to be plausible improvement projects that were financially 
viable and would produce tangi~le results. The shift teams, under the guidance 
of their facilitator (usually the shift manager) would then be responsible for seeing 
the project through to completion. Proof of tangible success from an existing 
project, for example scrap reduction or efficiency improvements, were required 
prior to launching a proposal for another. This information was given to the 
senior management team on a monthly basis. 
The cost of quality for the host company is now reported on a monthly basis to 
the Operations Director. This is communicated at a monthly "Target Group" 
meeting of departmental mami'gers, and is the focus of discussion on the 
allocation of resources for improvement projects. The Operations Director has 
begun presenting the quality costing information, with his teams 
recommendations, to the board of directors at the monthly business review 
meeting. 
At a macro level the quality costing information is being used to monitor and 
establish trends within the host company, at a micro level individual' shift teams 
are using the data gathering tOQ!s (actual failure cost verses forecast prevention 
cost) to justify improvement projects. As outlined within chapter seven - Quality 
Improvement Through Quality Costing, this is having a real impact on the bottom 
line. 
8.1.1 Outcomes 
Specifically the outcomes of the research, within the host company, have been: 
i) The cost of quality is now a recognised tool for providing practical feedback to 
the host company. It has proven not only useful, but is now considered essential 
in driving forward the company's continuous improvement programme. 
ii) Factors influencing the cost of quality within high volume manufacturing 
industry (plastic injection moulding) were identified for the host company. 
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iii) A methodology on how to ascertain the quality costs in a high volume 
manufacturing industry was developed from the research experience within the 
host company. 
iv) The nature of the total cost of quality within the host company, compared to 
industry averages were examined (within chapter six, section 6.3). 
v) A management information system was established to report quality related 
issues and costs on a monthly basis (see chapter five, section 5.5 for details, also 
appendix two for an example of a report). 
Against the original hypothesis set to be tested, as detailed within chapter one 
(section 1.2.1), these are the results: 
(a) An organisations choice of a particular cost model to use depends upon the 
level of sophistication of its accounting systems, and the quality measurement 
system in place. 
- Yes, this would appear to be the case, as detailed within section 8.4 of this 
chapter. 
(b) The success and establishment of a quality costing ethos is dependant upon 
many other elements, such a~ structured training, employee involvement, top 
management commitment, etc. 
- Yes, as detailed within section 8.1.1 of this chapter. 
(c) The implementation of T.O.M. relies upon the availability of certain key 
information. It therefore depends upon the establishment of an information 
system to provide specific data. 
- Yes, as detailed within section 3.6 of chapter three. 
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(d) The implementation of T.Q.M. depends upon establishing cost of 
conformance and nonconformance measurement systems. 
- Yes and no, chapter seven, section 7.2, details quality improvements made 
through quality costing which were part of a wider continuous improvement 
process. 
8.2 Problems encountered during research. 
Data was gathered by study of the entire accounting system and quality 
assurance department and production budgets, supplemented by discussions 
with staff from the quality, production and accounting department. Access to 
detailed breakdown figures within the company's profit and loss account was 
readily available, but not always presented in the form required for the research 
project. 
Within the company the collection and analysis of quality related cost was found 
to be fragmented, mainly attributed to waste, product returns and customer 
complaints. These costs were collected under different departmental headings 
(Le. production, commercial, quality). The available data was incomplete, 
therefore, it was necessary to establish procedures for the collection and analysis 
of the required information. These were fully discussed in chapter five, section 
5.5. 
Until discussions with the management occurred concerning this research the 
company were unaware of formal quality cost collection methods and relied solely 
on technical and quality assurance departments budgets for an analysis of quality 
costs. In the course of discussion, however, interest was shown in the categories 
and elements suggested by the author and full assistance and co-operation was 
provided. 
No major problems in terms of access to data, availability of required information 
or assistance from the host company's personnel were encountered during the 
research. 
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8.3 - Critical evaluation of the research methodology. 
The action research methodology employed in this study for collection and 
analysis of information was found to be satisfactory. However, as detailed within 
chapter one, section 1.3.1, it does have some built-in disadvantages. For 
example, any mistakes made were highly visible. This would only have been 
dangerous, through people losing interest and motivation, if tangible results had 
not been produced at an early stage. 
The other danger was that data would become outdated during the eighteen 
month time lapse between conducting the literature survey and actually 
completing the thesis. This was allowed for during the writing-up stage, but upon 
review proved not to be a factor. 
The methodology provided the author with access to the necessary information 
and allowed the host company's personnel to become involved in the research 
process. Through the use of action research the aims of the thesis were 
accomplished, as detailed in section 8.1.1. 
A low level of awareness was demonstrated within the host company, even at top 
management level, of the existence of BS 6143 or other systems as guides to 
quality cost collection and measurement. Only when the results of the collection 
exercises were presented, and the effects of the shift team initiatives began to 
become common knowledge was this issue addressed. 
8.4 - Guidelines for quality cost collection and analysis in the packaging 
industry. 
Although the findings of this research have already been outlined within chapters 
five and six, it is worth reiterating. Essentially the Prevention, Appraisal, Failure 
(P.A.F.) model provided results that could be used in conjunction with the 
continuous improvement initiative. The Process model did not. 
Page 149 
Chapter Eight 
The P.A.F. model appeared to achieve the desired results because it had already 
been trialed successfully within the number of disparate industries. It also proved 
readily acceptable to the host company's personnel. This is because the 
information systems necessary for data collection already existed, and the 
concept was easily understood. It was also easily tailored to suit the specific 
needs of the host company. 
As already described in chapter six, the host company was not yet advanced 
enough, in quality costing techniques, to use the Process Cost model. It would 
have taken an unprecedented amount of input to achieve essentially the same 
end result - a sharp focus on quality issues. The Process model would perhaps 
be of more use at a later stage in the development of quality costing information 
systems, as proposed below. The suggestion, based on the results obtained 
during this research, is that the P.A.F. model can be used during the early stages 
of cost collection. The Process model would then be used when suitable 
experience, and information gathering systems have been established. 
The concept of different levels of information gathering and use has been 
recognised by other authors. Bradshaw and Yarrow (1994) put forward a "Cost of 
Quality Application Grid", as shown in figure 8.0 below (56). 
Figure 8.0 - Cost of Quality Application Grid 
SIMPLE SCOPE COMPEX 
1. ~. ~. 4. 
-Awareness -Identify & focus -Monthly report or -Management 
Raising. improvement improvements. "quality" 
-Motivation. activity .. , -Monthly accounting. 
-Resource -Annual state men performance 
Attraction. of position. measure. 
FREQUENCY 
Their argument is that an organisation will progress through the grid, eventually 
arriving at a point where quality cost data is an integral part of business 
information and performance measurement. 
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The boxes, one to four, within the grid are defined as follows: 
Box 1 - One off, basic assessment of total quality costs, taking information from 
wherever available, but not attempting to install systems to measure new data. 
This is usually performed by consultants and I or special project managers. 
Box 2 - Annual, detailed "snapshot" of total quality costs. Usually undertaken by 
the finance function. This would use data obtained from both the financial 
accounts and the interviewing of key personnel. 
Box 3 - Monthly I bimonthly reports by improvement teams and I or quality circles 
with management guidance. Usually produced by the quality function and 
extracted from production I sales data. 
Box 4 - Monthly detailed management accounts reporting business performance 
in "quality" terms. 
Bradshaw and Yarrow (1993) admit that it is not strictly necessary for an 
organisation to follow the path of the grid exactly ... "It may be possible to start a 
quality costing exercise in boxes other than the first, to develop models in several 
boxes simultaneously, or at least progress quickly along the grid" (56), but it is 
clear that a form of progression should exist. 
Given the above terms and definitions, the host company in which this research 
has been based would appear to have started in box one (awareness raising, 
motivating, attracting resources), progressed through box two (identifying and 
focusing on improvement activities, producing an annual statement of quality 
costs), and are currently in box three (producing monthly reports on 
improvements, measuring performance on a monthly basis). The organisation 
first awoke to the possibilities available through the use of quality costs, then 
began identifying and focusing upon improvement activities, and is now reporting 
monthly on quality costs. The host company is currently moving rapidly towards 
box four, the integration of quality costing into the management accounts 
(management "quality" accounting). 
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Another matrix, which may aid the understanding of the development of 
organisations' quality systems, is that developed by the author and shown in 
figure 8.1. This diagram shows various stages of progression for an organisation 
in three specific arenas: i) Company awareness, ii) Costing models currently 
being used, iii) Measurement systems in place. The elements do not need to 
travel along the same time line and progression does not need to be linear, i.e. 
they may exist and develop independently of each other. However, the 
combination of all three elements would give any organisation a distinct head 
start in developing, implementing and utilising total quality management and 
continuous improvement. The elements may even be considered prerequisites to 
success. 
Figure 8.1 - Stages in Awareness. Costing Models Used and Measurement 
Systems in Place. 
TIME 
~ 
COMPANY AWARENESS 
Asleep & ~ Awakening & ~ Awake & 
reactice reactive proactive 
COSTING MODELS USED 
Nothing ~ Quick & ~ P.A.F. ~ Process 
Dirty Model Model 
MEASUREMENT SYSTEMS IN PLACE 
No Systems ---+ Information gathering --~~ Continuous 
stage: Improvement 
- Scrap Measurement - Quality Teams 
~ 
TIME 
The first element, "company awareness", shows an organisation in three distinct 
stages; Firstly, asleep and reactive - the organisation only reacts when 
\ 
circumstances dictate it must; Secondly, awakening to the need for change but 
still reactive - the organisation begins to realise the need for innovation but is 
frequently caught off guard by developments; Thirdly, the organisation is fully 
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awake and proactive in implementing internal and external systems to meet a 
continually changing environment. 
The second element, "costing models used", demonstrates the progression in 
stages of an organisation in the use of available quality costing models. Four 
stages exist: Firstly, no costing models in use - the organisation does not 
recognise the need or potential of formal costing systems to identify quality 
deficiencies; Secondly, a quick and dirty exercise is carried out to give a 
representation of the quality costs - this was used within the host company to 
gain the attention of the senior management team; Thirdly, the P.A.F. model is 
used to provide information on the specific nature of quality costs using a 
predetermined set of cost categories - this will highlight the current level of quality 
, 
costs within the organisation; Fourthly, the Process model is used to provide a 
detailed breakdown of conformance and nonconformance costs within the host 
company - this will allow the nonconformance costs to be reduced where 
possible. 
The third element, "Measurement systems", . demonstrates the type of 
measurement systems currently in place within an organisation. Three stages 
exist within this element: Firstly, no systems in place - the organisation does not 
collect data to use for justification of improvement projects. . Secondly, an 
information gathering stage - the organisation measures simple items such as the 
creation of scrap, this information being used as evidence of the need for 
improvement. Thirdly, measurement systems are a part of the organisations 
culture that the wo rkforce, at all levels, use data gathering as an intrinsic part of 
continuous improvement - i.e. they proactively measure suspect processes to 
ascertain the level of control that exists for that process, then if necessary take 
the required action or improvement. 
As previously mentioned the relationship between the three elements does not 
need to be linear. An organisation may be at different levels of development with 
each category, and still making progress. It should also be noted that the three 
stages are not mutually exclusive, the boundaries have been out on to allow the 
development of a concept. As with all theories "grey" areas do exist. 
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The host company would appear to be between stages two and three for i) 
company awareness, at the third stage with ii) costing models used, and at the 
third stage with iii) measurement systems in place. 
Another model is that proposed by Crosby (1979). Crosby's model (see figure 
8.2 below) of "price of nonconformance" links time with resources used and 
money spent. He proposes that, on average: 
- A twenty-five per cent reduction in failure costs (nonconformance costs) 
" 
can happen in one year by harnessing the workforce - so called "People Power". 
- Another fifty per cent reduction in failure costs can be realised by 
management directed projects - so called "Management Power". 
- Only then does money need to be put into the problems remaining - so 
called "Money Power". 
120 
100 
People Power 
80 
%60 I_ Failure I 
Management Power 
40 ......................... . 
20 .... Money Power 
Years -----+:. 
Figure 8.2 - Crosby's Journey to Zero Defects 
8.4.1 Presenting and using quality cost information 
Quality related costs are useful to collect only if there is the intention of taking 
some action as a result, otherwise any programme may be considered a waste of 
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time and effort. Such initiatives may be aimed at reducing the costs, or at making 
people aware of the costs and their importance, as a step towards the same end. 
When the first report is presented to senior management it is important, as 
detailed in chapter four, section 4.3, that: 
i) All senior managers are involved who have a direct interest in the financial 
well being of the company; 
ii) Ensure all figures put forward have the agreement of the finance 
department. 
iii) Briefly explain the concept behind the quality cost collection. 
iv) Stress the results to be presented are from the first study, and that 
development of the more accurate costing methods will involve every 
department at every level. 
v) If possible, relate the figures to an accepted norm or average for the 
particular industry. 
vi) Highlight the main points, and the areas which seem most amenable to 
quality improvement and cost reduction. 
vii) Positively encourage comment and suggestions. 
It is highly unlikely that the pilot study will disclose the full extent of quality related 
costs. As already mentioned, at the beginning of the thesis, Crosby (20) 
suggests that a typical first estimate rarely arrives at more than twenty five to 
thirty per cent of the true value. It is possible to create a breakthrough in quality 
awareness as people face the facts that: 
- Quality is not vague, but is measurable in monetary terms. 
- Poor quality impacts the whole company, not just the quality department. 
- Bad quality hits where it hurts most - on the bottom line. 
- Substantial savings are waiting to be made. 
- Insufficient resources have been inverted in prevention in the past. 
The single best way to get attention is through results. Actually using the 
information to achieve a couple of "quick wins", on quality improvement or 
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material saving will demonstrate better than any presentation the potential of 
quality costing within any organ'isation. 
8.5 - Limitations of quality costs. 
Quality costing can only be used as a management tool if the data put forward is 
accepted as accurate. It is therefore limited by two factors: i) the availability of 
required information and ii) the necessary resources to gather and analyse such 
information completely (within the host company the author provided this 
resource). 
Within the host company this limitation was demonstrated by a lack of data on 
"service" costs, Le. the cost of providing the necessary level of service to its 
customers. The concept of service does have a financial value. Traditionally 
known as goodwill, within financial accounting, it is commonly used for putting a 
monetary value on a trademark or brand name. The concept of measuring this 
value is not a common theme within traditional manufacturing engineering. 
Quality costing models are applied within traditional "service" organisations (Le. 
organisations that provide a service, not a physical product), such as banks and 
building societies, but it is rare for the service element to be included within 
manufacturing engineering. 
No "service" cost factor has been included within the quality costing research of 
the host company. This decision was justified by the fact that the host company 
had no knowledge, prior to this research, of quality costing. Therefore, the 
collection of tangible costs such as scrap, would be easier to begin the cost 
collection process with. The organisation needed to learn the basic elements 
before progressing to detailed and timely self analysis. 
8.6 - Establishing a quality costing system. 
This section will propose a methodology for the establishment of a basic quality 
costing system within a production manufacturing environment. It is based on the 
authors direct experience within the host company. The methodology proposed 
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is designed to complement a total quality management or continuous 
improvement initiative. It can provide the necessary results to justify various 
improvement projects or to highlight the existence and size of any "black holes". 
i) Establish a cross functional team, with representatives from the finance and 
quality departments. 
The initiative needs visible top management support and an identifiable leader. It 
is also important to involve a representative from the finance department. This is 
necessary in order to convince them of the benefits of quality cost information, 
. 
and essential if finance are to eventually take up responsibility for quality cost 
reporting. 
ii) Present the quality-cost concept to senior management. with an initial 
proposal. 
To win top management support a presentation should be made to senior 
management, outlining the initial proposal and citing the results from other quality 
costing exercises within the industry. The potential of the project should be 
highlighted. 
iii) Select a trial area. 
If possible the costing model chosen should be piloted within a receptive area 
before wide scale implementation. This should do a number of things: i) give 
credence to the concept of quality costing within the organisation; ii) win over any 
sceptics within the management team and personnel; iii) allow those driving the 
t· . 
quality costing exercise to tailor the model in use to suit the idiosyncrasies of the 
organisation. 
The trial area selected should have good records, and a low resistance to 
"change". Ideally the exercise should be part of a structured quality improvement 
programme, this will give it focus and goals. Personnel in the chosen area should 
be fully briefed as to the nature of the exercise and the proposed outcomes. 
Page 157 
Chapter Eight 
iv) Identify and classify poor-quality-cost elements for the selected area. 
The team should identify and list all possible quality costs within the trial area 
chosen. The decision may be made at a later stage to disregard certain 
elements, but initially all potential quality costs should be noted. 
The complexity of the manufacturing operation will determine the number and 
type of cost elements included in the exercise, and time and availability of 
resources may also be important factors. Often a "quick and dirty" exercise may 
produce enough initial information. Figure 8.2 "Stages in the use of 
measurement systems" may be used to ascertain the scope of an organisations 
current measurement system. 
v) Determine specific sources of relevant information 
Once the cost elements for an area have been selected collection systems will 
need to be set up. Some of these costs will already exist, within the company 
accounts, others will need specifically creating, and all will need to be accurately 
collated. 
vi) Establish cost collection procedure 
Determine who is to collect the required data, how often it is to be collected and 
how the information is to be stored. A systematic approach is important to ensure 
that the necessary data collection takes place on a consistent basis. The use of 
simple summary forms, such as those advocated by BS 6143, parts one and two, 
provide a sufficient prompt to collectors. 
vii) Establish the format of the quality cost report and to whom it should be 
distributed 
The format chosen depends upon how often, and to whom, the report is to be 
made. The quality cost report ~eeds to be easily understood by the recipient, 
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and to this extent thought should be given to the format. For example, lots of 
simple diagrams, or lots of text. 
viii) Review the status of the quality costing information with the management 
team, and track improvements, at regular intervals. 
At regular intervals brief the senior management team on the information being 
collected. The quality cost report should include a short analysis of results, 
highlights of specific problems, and a breakdown of major problems. At the end 
of the trial period a concise and unambiguous report should be written for the 
senior management team. It should be sufficient to report on progress made and 
the major categories of quality cost without getting into specific detail. Regular 
communication is key in convincing the management team of the validity of the 
exercise. 
ix) Improve the cost collection system as company personnel become familiar 
with the systems. 
As the system develops over time it must expand to meet the needs of the 
organisation. The first quality cost exercise will not be perfect! The continual 
improvement of the system itself will also aid its acceptability to management and 
workers. Problems may be in the form of: poor understanding by management of 
the significance of the report; the sources of information may not be reliable; 
personnel may not be comfortable with the measurement systems put in place. 
These, when identified, can all be dealt with. 
Personnel will also become aware of costs that are hidden as the exercise 
progresses and their own experience grows. As the system is used it should be 
tailored to meet current requirements. 
x) Expand the quality costing exercise to the remainder of the organisation. 
Once established, accepted, and tailored for the company, thought should be 
given to expanding the system within the company. The final report on the trial 
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should make suitable suggestions and recommendations as to the continuation, 
expansion, or termination of the exercise. For example, quality costing has the 
potential to provide excellent information on direct comparisons between other 
sites within the same division or group. 
The set-up of any quality costing exercise will, by the very nature of the process, 
be quite specific to the organisation in which it is based. The above guide is just 
that, a guide. Basic models, such as the Prevention, Appraisal, Failure model, 
may be used to excellent effect within most manufacturing organisations. 
However, clear objectives must be established at the outset (in the example of the 
host company the quality costing exercise was linked with the continuous 
improvement programme). 
Harrington (52), in his study into the implementation of quality costing, has 
proposed the following steps: 
1. 
2. 
3. 
Develop a financial and quality assurance implementation team. 
Present the poor quality cost concept to top management. 
Develop an implementation plan. 
4. Select a trail area. 
5. Start the program in the selected area. 
6. Identify and classify poor quality cost elements for the selected area. 
7. Determine staging for each poor cost element. 
8. Establish inputs to the poor quality cost system. 
9. Establish required output format. 
10. Establish the additional. 
11. Review the status with the plant management team. 
12. Review the monthly poor quality cost report. 
13. Review the monthly poor quality cost report. 
14. Based on findings, modify the program as required. 
15. Expand the program to the remainder of the plant and the company. 
Harrington (52) makes the point that the start of any cost collection exercise is a 
crucial time, because the way the collection system is started will have a major 
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impact on how effective it is and how long it will last. He goes on to stress the 
need to approach the project with a well organised, systematic method. 
A quality costing system can be set-up by an individual or a team. The success 
of the system will depend upon the seriousness with which it is treated as a· 
management tool, and of course the reliability of the data obtained. 
The following quote, from Jefferies et al (57), gives perhaps the best advice for 
embarking on a quality costing exercise: 
"Costs of quality are most effective when the relationship between people is such 
that both successes and difficulties in cost control can be discussed openly 
without fear of chastisement. 
Where relationships are defensive, to advocate analysis of the cost of quality is a 
nonsense. People will manipulate the figures, tell half truths and play intellectual 
(but stupid) games of catching one another out. This results in the cost of quality 
being a total fabrication and of no value". 
Effective communication of the aims, objectives, and set goals will help remove 
fears and give real credence to the data being supplied. 
8.6.1. Problems in establishing quality related costs 
The following are some common oversights in establishing quality related costs 
within manufacturing industry. They apply to all quality costing models: 
, 
i) Omissions - the full cost impact of some aspects of quality may only become 
evident after careful thought, enquiry, or observation. Even when using a 
checklist. Factors which may easily be overlooked include the cost of secondary 
operations and activities related to internal failures. 
ii) Over estimation - a major problem to guard against, especially in the early 
stages of developing a quality cost system. It should quickly become clear, for 
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example, that the estimated cost of consumable materials used in performing 
product tests is far less than the cost of external rejects. It would therefore be 
sensible to let the estimation of the consumables stand, to permit more time to be 
spent quantifying specific external rejects. 
iii) Double counting - very easy to introduce this kind of error, especially when 
evaluating the cost of internal f~ilures. For example, it would not be valid to 
record both the value of the scrapped items and the value of the replacements. If 
the rejected items can be salvaged, repaired or sold on as "seconds", then the 
net loss is the difference between the full value and the reduced value. On the 
other hand, all the associated extra labour and administration costs of the 
recovery operation must be included. 
iv) Allocation of overheads - if manufacturing costs already carry an overhead 
allowance which makes provision for the cost of maintaining the quality 
department, then it may not be valid to identify a separate quality cost for ·the 
extra inspection incurred. In fact, it gives a clearer picture of the impact of the 
cost of poor quality if the overhead is ignored and the inspection included as a 
charge where and when it actually occurs. The allocation of overheads for quality 
costing exercises within individual companies does not allow for direct 
comparisons to be made, due to the different elements that may be incorporated 
within them. 
This is one of the reasons why it is important for the team to seek the advice of 
the finance department before finalising and presenting any results. 
v) Built-in scrap allowances - this is another area.which must be treated with care. 
Standard manufacturing costs may have an allowance built-in for "scrap 
allowance"; i.e. a certain level of losses may be assumed and built into the price. 
Equally, production batches may automatically be made a certain percentage 
oversize, in order to compensate expected losses. This tends to hide and 
somewhat legitimise the cost of scrap within the manufacturing organisation. 
Again, the specific way of dealing with and presenting these issues should be 
agreed in advance with the finance department. 
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8.7 - Recommendations for future research. 
To conclude the thesis this section will put forward a number of recommendations 
for further research. 
Firstly, the work needs to be repeated in other organisations and industries in 
order to ascertain its applicability and transferability. The next phase in the 
authors work within the host company will see a larger body of quality cost data 
becoming established. 
As discussed within in chapte~ five, section 5.2, the prevention and appraisal 
costs currently appear low when compared directly with the failure costs for the 
periods measured. It will be very interesting to see how the influx of cash to the 
prevention and appraisal cost categories (as a direct result of the continuous 
improvement initiative) can influence further the failure cost results (Le. a 
reduction). This type of data can only be gathered over a more lengthy time 
period, for example five years. 
The cost of quality concept is now being implemented elsewhere within the host 
company's group. This began 'with a review taking place at the host company's 
sister site in the U.K. This is beginning to allow a direct comparison to be made 
between the two sites quality costs and cost ratios. Once this is fully established 
it will be possible to expand the system yet again to encompass the host 
company's sister sites overseas, again allowing comparison between the quality 
costs, and ratios at the individual sites. 
This work will establish whether the quality measurement system devised for the 
host company's first site is generic or not, an important element missing from this 
original research. 
Another element absent from the present quality cost measurement system within 
the host company is any form of recogriition of "service" (see section 8.5). Apart 
from the obvious measure of customers placing orders elsewhere if dissatisfied 
with the level of service they receive (which is measurable using sales figures), a 
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direct measure has not been included within the models trialed at the host 
company so far. As suggested in figure 8.1 - Stages in the Use of Measurement 
Systems, this "service" element' may become included when an organisations 
measurement systems have matured to a sufficient level, i.e. they have 
progressed through a number of the stages detailed, built up system self 
knowledge, and are productively using it. It is the author's opinion that only at 
this stage will real ben~fit come from the time and effort needed to generate such 
information for any manufacturing organisation. 
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EXECUTIVE SUMMARY 
Title: Wrexham - Continuous Improvement? 
Author: David Bamford - Teaching Company Associate 
Statement of the problem 
As part of an overall programme implementing Continuous Improvement (Total 
Quality Management), an audit of the current state of affairs at the Wrexham 
site was considered essential. This was to ascertain the feasibility of starting 
the same initiative there. 
Investigation 
Over a two week period a number of informal interviews were carried out, 
covering a wide cross section of personnel. 
Conclusions 
1. Excellent factory site. Customers want to buy our product. 
2. Workforce committed to the Company, if a little demoralised. 
3. Communication is stifled within Wrexham, and sometimes between 
Wrexham and Colchester. This causes confusion and frustration. 
4. Formal training required in a number of areas. 
5. The potential of the site is enormous - "sitting on a gold mine!". 
Recommendations 
1 . Carry out a Quality Costing exercise to ascertain the current cost of 
manufacture. This would serve as a baseline against which progress can 
be measured, and would prompt management into allocating the 
resources necessary to support the initiative. 
2. Formal training should be instigated within the following areas - Tooling; 
Injection Moulding; Triffid; A.G.V. System. 
3. A formal program for the implementation of Continuous Improvement 
(Total Quality Management) should be developed. Should involve 
the EDUCATION, TRAINING, and INVOLVEMENT of the entire 
workforce. 
This would potentially involve use of some of the proven tools and 
techniques of continuous improvement. 
The commitment and support of the full management team would be 
essential. 
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INTRODUCTION 
Company Details 
Betts Plastics (Rigids) is a wholly owned subsidiary of Courtaulds Packaging. 
Courtaulds Packaging is in turn a wholly owned subsidiary of Courtaulds Plc. 
Courtaulds Plc employs 21,000 people and operates in 41 countries specialising 
in the manufacture of products for protection or decoration in a wide range of 
environments. The company operates in five broad business areas: coatings; 
performance materials; packaging; chemicals; fibres and films. In the financial 
year 1992-1993 it had a turnover of approximately £2 billion. 
Courtaulds Packaging employs 1,600 people and it had a turnover of £ 116 
million in the financial year 1992-1993. It produces both rigid and flexible 
packages and has manufacturing facilities in the U.K. and the U.S.A. 
Betts was acquired by Courtaulds in 1958. It employs 570 people and its 
turnover in the financial year 1992-1993 was £42.5 million. The company 
manufacture's closures, thin wall containers and pharmaceutical products for 
the food and beverages, pharmaceutical, cosmetic and toiletry industries. Betts 
Plastics (U.K.), within which the Teaching Company Scheme is based, employs 
380 people. 
Background To Report 
As part of an overall programme implementing Continuous Improvement (Total 
-:.. Quality Management), an audit of the current state of affairs at the Wrexham 
site was considered essential. This was to ascertain the feasibility of starting 
the same initiative there. 
The audit was carried out by David Bamford, one of two Associates on 
placement within Betts Plastics. . 
This report seeks to detail initial impressions, and to put forward a number of 
recommendations. 
Over a two week period a number of informal interviews were carried out, 
covering a wide cross section of personnel. Some information already existed, 
in the form of a "Training Needs Analysis" previously carried out on the site 
(see Appendix 1). 
.. ,. 
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FINDINGS 
Betts Plastics (Wrexham) has been at its present site since May 1991. Before 
this operations were carried out within a pre-war building on the same industrial 
estate. The present site is a purpose built facility, incorporating state of the art 
Clean Room, Moulding Hall, and Finishing Department (see Appendix 2). There 
are approximately thirty-six plastic injection moulding machines, and two 
automated guided vehicles (A.G.V.s). Ninety four people are employed there. 
Turnover for 1992-1993 was approximately £6 million. 
For breakdown of personnel see Appendix 3. 
The shop floor operates a five shift system (continental), with six people on 
each shift. At any time one shift is on sixteen days brake. 
ISSUES 
- No familiarisation period allowed during the move from the previous site to the 
present one. The moulding machines were uncoupled two at a time, moved to 
the new site, recoupled then restarted. There was no induction, no gradual 
build up. 
Personnel feel let down, by having all the high technology equipment but little 
formal training. 
- Very lean manufacturing, no room for error (i.e. they have only enough staff 
to do the job correctly when all systems run properly. For systems read: 
A.G.V.s, supporting software, Triffid, etc.). Therefore maintenance and tooling 
modifications are very difficult to carry out due to work pressure. 
- Little communication via the noticeboards. Team briefs are considered good, 
although it is felt effective use is not made of available information, e.g. scrap 
;0-) information. 
\"'_0 
- Due to the socio-economic tendencies of the area the majority of personnel 
consider employment as something long term. They are anxious to see the 
factory prosper. The workforce will positively welcome any changes that can 
be seen to encourage this. 
- In a similar manner to Colchester the operators are often not formally made 
aware of the nature of customer complaints. 
- Personnel feel frustrated with the perceived lack of co-ordination within Betts 
management. 
- Colchester provide immediate support for specific problem areas (tooling, 
Triffid, A.G.V. system), fix it, then go back to Colchester again - not enough 
training is given on solving specific problems. 
.) 
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- The experience and training of some personnel does not match the needs of 
the function they are required to perform (e.g. clean room personnel). 
- Scrap analysis carried out 2 November 1993. £27,000 of material a month 
being scraped, for a whole host of reasons (incorrect guarding, badly designed 
tooling, badly set machines, A.G.V. system not collecting boxes in time to 
prevent spillage, etc.). 
- Communication with Colchester is sometimes difficult and can sometimes 
cause stress. The logistics of having all key resources 230 miles from 
Wrexham can lead to confusion and frustration. like a game of Chinese 
whispers messages may at times be misinterpreted. 
- A series of exchange visits with Elida Gibbs (Leeds) have been started in order 
to help personnel identify with customer needs. 
,,'-'i - In addition to the daily morning production meeting, an afternoon production 
meeting has been set up. This is to enable the management team ascertain 
how the site has performed against the plan. 
: I 
...... I 
: J 
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CONCLUSIONS 
1. Excellent factory site, lots of high technology equipment. Customers 
want to buy our product. 
2. Morale is low, people realise the potential of the situation but feel 
thwarted by the perceived lack of co-ordination and support of the 
management. Their expectations were built up in telling them the plant 
would be relatively trouble free to run, it is not. Many feel they are 
struggling to get things anywhere near right. 
3. The current set-up whereby technical expertise is brought up from 
Colchester will not help in the long run. The so-called "Colchester 
Cavalry" are perceived as charging up, fixing the problem, then charging 
back down. More often than not if the problem reoccurs their services 
are required again. There is a real need for formal training in a number of 
areas. 
4. The workforce are committed to the Company, if a little demoralised. 
They are fully aware of the potential at the site, and of the existence of 
expansion plans for the future. 
5. Although the team brief and the morning and evening production 
6. 
. meetings are considered worthwhile, _communication appears stifled. 
Information appears to flow down more than up, and 'does not travel 
laterally at all. 
All the constituent parts exist at the Wrexham site for an extremely 
efficient manufacturing unit. At the moment however these parts do not 
fit snugly together. The findings may come across as rather negative, 
but this is because the personnel are extremely frustrated as they realise 
the potential of the situation they are in. 
Much quoted phrases: 
"We are sitting on a gold mine, if only we could get our act together". 
"We have a licence to print money, the trouble is at the moment we are 
throwing lots of it away". 
! . 
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RECOMMENDATIONS 
1. Carry out a Quality Costing exercise to ascertain the current cost of 
manufacture. This would serve as a baseline against which progress can 
be measured, and would prompt management into allocating the 
resources necessary to support the initiative. 
2. Formal training should be instigated within the following areas - Tooling; 
Injection Moulding; Triffid; A.G.V. System. 
3. A formal program for the implementation of Continuous Improvement 
(Total Quality Management) should be developed. Involving the 
EDUCATION, TRAINING, and INVOLVEMENT of the entire workforce. 
This would potentially involve use of some of the proven tools and 
techniques of continuous improvement: 
Quality Costing 
Brainstorming 
Cause and Effect Diagrams (fishbone) 
Benchmarking 
Quality Improvement Teams 
Check lists, Bar Charts, Tally Charts, Histograms~ Graphs 
Statistical Process Control 
The commitment and support of the full management team would be 
essential. 
I· 
· , , 
APPENDIX 1h 
APPENDIX 1 
VISIT REPORT 
COURTAULDS PACKAGING, WREXHAM 
29 JUNE 1993 
8etts Plastics 
Nine people were interviewed, including the Plant Manager, Engineering Manager, 
Shift Managers, Foreman and the Chief Inspector. 
Purpose of Visit:- To identify the specific training needs of those managers 
involved in manufacturing. 
To discuss any issues where the company could help improve 
the performance of work teams. 
Training Needs 
The main areas of focus on training in this business are Managing people, Team 
Building and Computer Awareness. 
Additional Matters Arising 
1. 
2. 
Role and Responsibility Clarification 
This is an area which is causing confusion, particularly among those with 
responsibility for process workers. A recommendation would be that roles 
and responsibilities are discussed and clarified. This may also be an 
appropriate time ·to raise issues concerning quality ie. what management 
expects in terms of quality of product and the cost of quality to the 
business. 
Communication 
a. The majority of those interviewed consider communication to be 
adequate. 
b. Team briefings were highlighted as being very successful. 
M:\HELEN\REPORTS\306 28 .l'04.CB 
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3. Resources - Equipment 
a. Concern was expressed over the amount of waste which is created 
due to seemingly defective equipment. In particular reference was 
made to the 'Sprues' and fitting 'Grinders' under every machine. 
b. Those interviewed stated that the high frequency of fault finding with 
the equipment had a negative effect on the morale of the Process 
Workers. 
People 
c. The majority of those interviewed expressed concern over current 
manning levels. It was suggested that a 'Floater' in the plant may 
ease the pressure of work? 
d. Other recommendations related to automating the remaining 
machines and extending the AGV system to incorporate more of the 
plant. 
4. Maintenance Checks 
a. "Increase frequency of maintenance checks" was a view that was 
repeatedly expressed. 
5. Morale 
a. Almost all of those interviewed were concerned about the current 
level of morale in the business.· Although, as already mentioned 
equipment issues are considered to be a contributory factor. Other 
reasons suggested included:-
"Raised expectations" relating to the smooth running of the 
plan and it is perceived that "Management have not 
delivered" . 
"Low levels of profit". 
"Recent redundancies". 
M:\HELEN\REPORTS\30628 #04.CB 
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CONTINUOUS IMPROVEMENT 
- WHAT IS IT? 
:l THERE IS NO SINGLE DEFINITION. 
o IT CONSISTS OF A NUMBER OF RELATED 
ISSUES: 
-Commitment & Leadership 
-Communication 
-Involvement & Teamwork 
-Measurement 
-Education & Training 
-Recognition 
- Planning & Organization 
-Culture change 
CONTINUOUS IMPROVEMENT 
- WHAT DOES IT INVOLVE? [2] 
Cl Participation and development of employees in the 
business is positively encouraged. 
c Training and education is considered an 
investment. 
Cl Suppliers and customers are integrated into the 
_ improvement process. 
Cl Honesty, sincerity, and care are an integral part of 
the organization. 
Cl Mistakes are considered a learning experience. 
Cl COMMUNICATION 
CONTINUOUS IMPROVEMENT 
- WHAT DOES IT INVOLVE? [1] 
Cl Everyone is involved in continually improving the 
processes under their controL 
Cl Each person is responsible for the quality 
assurance of their own process. 
Cl Individuals recognize that anyone for whom they 
perform a task is a customer. 
Cl Teamwork is practised. 
c Every person's skills and abilities are fully used. 
CONTINUOUS IMPROVEMENT 
- TOOLS AND TECHNIQUES 
Cl The following are likely to be used here: 
-Quality Costing 
-Brainstorming 
-Cause and Effect Diagrams (fishbone) 
- Benchmarking 
-Quality Improvement Teams 
-Check lists, Bar charts, Tally charts, Histograms, 
Graphs 
-Statistical Process Control 
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" CONTINUOUS IMPROVEMENT 
- QUALITY COSTS 
" VVhat are they? 
. -Internal Failures; External Failures; Appraisal; 
Prevention. 
o VVhy are they important? 
-Because they are large. 
Cl Why measure them? 
-Allows quality-related activities to be expressed 
in the language of management. 
Cl How can quality-related costs be used? 
-Helps shock people into action; enables business 
decisions to be made in an objective manner. 
CONTINUOUS IMPROVEMENT 
- CAUSE AND EFFECT DIAGRAM 
Cl Also known as a Fishbone diagram, because of its 
shape. 
D The head is the 'effect' or problem, and the ribs list 
the possible 'causes'. 
Cl This is a good way to organize the ideas produced 
during a brainstorming session. 
FACTOR 
" 
CONTINUOUS IMPROVEMENT 
- BRAINSTORMING 
Q Brainstorming is a method of generating ideas. 
c The process: 
-A group of six to ten people seek solutions to a 
problem. . 
-All ideas produced are written down and remain 
visible throughout. 
-Wild ideas are encouraged; often bizarre ideas 
produce good solutions. 
- The task of combining and improving on the 
ideas of others is encouraged. 
-Criticism of ideas is not allowed until the 
evaluation stage. 
CONTINUOUS IMPROVEMENT 
- BENCHMARKING 
D Best practice. 
c Setting standards according to the best practice 
we can find. 
r: Finding out how the best companies meet these 
challenging standards. 
oApplying both other people's experience and our 
own ideas to meet new standards - and, if 
possible, exceed them. 
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"" CONTINUOUS IMPROVEMENT 
- QUALITY IMPROVEMENT TEAMS 
;J A team of four to ten people who meet to. 
investigate and solve a problem. 
:l Any problem relating to the work situation may be 
tackled. 
iJ Techniques such as Brainstorming and Cause and 
Effect diagrams may be used. 
=: The team will present their findings to 
management. 
Cl The team will be involved in implementing the 
solutions. 
CONTINUOUS IMPROVEMENT 
- STATISTICAL PROCESS CONTROL 
"As the name suggests, this is a way of controlling 
the process by using statistical data. 
::l It can be used tq identify: 
-Whether the process is capable of meeting 
requirements. 
_ -Whether the process meets those requirements 
at any point in time. 
- When the process is not meeting those 
requirements and to make adjustments. 
;J Data is collected and plotted on Control Charts. 
This may be done manually or by computer. 
CONTINUOUS IMPROVEMENT 
- CHECK LISTS, CHARTS, GRAPHS 
Histogram Cl Check Lists and Tally 
Charts are simple 
devices for collecting or 
ordering data. 
12,.----------, 
~A Histogram is a 
picture of variation or 
dis tribution. 
D Bar Charts are simple 
pictorial 
representations of 
numerical data. 
10 
CONTINUOUS IMPROVEMENT 
- WHAT ARE THE BENEFITS? 
[;l An increase in Productivity. 
Cl An increase in Communication. 
Cl An increase in Motivation. 
~ Process Control is Achieved. 
c An increase in Quality. 
o An increase in Customer Satisfaction. 
Cl An increase in Competitiveness. 
[;lA decrease in Costs. 
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" . CONTINUOUS IMPROVEMENT 
- DOES IT WORK? 
"There are many examples of the successes 
. brought by continuous improvement. 
a PHILlPS COMPONENTS 
- Delivery performance improved from 70% to 
100%. 
a HILTI (GREAT BRITAIN) LTD 
-Internal rejection rate reduced from 9% to 2%. 
c BROOK CROMPTON 
-Scrapping £10,000 per month in 1990, reduced 
to £3,000 per month in 1991. 
c Compare with Tony, Steve, and Mike's £27,000. 
CONTINUOUS IMPROVEMENT 
- THE NEXT STEP 
o Education, Training, Involvement. 
-Introduction to Continuous Improvement(T.Q.M.) . 
-Improve Communication at all levels: 
~ Noticeboards to display quality information. 
- Training: 
~ In the tools and techniques detailed earlier. 
-Set up Brainstorming Sessions. 
-Establish Quality Improvement Teams. 
-Introduce Statistical Process Control. 
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NEWS 
N.E.B.O.S.H. 
Recently John Hughes and David 8amford 
attended an intensive health and safety 
course (16 hours a day, five days). This 
course, and the programme of study at 
home afterwards, led to them taking the 
-".:,:,:., '""., National General Certificate in 
Occupational Safety and Health. Very well 
..... ':::@~.::~~ done to both of them for passing, 
especially to John who stepped in at the 
'~!,:::·i:::::·:::;~ last minute and put maximum effort in to 
passing. 
Continuous Improvement - Engineering Team 
The day shift engineers and technicians are 
currently attending, on a weekly basis, the five 
continuous improvement training session that the 
shifts experienced last year. 
The sessions have only just started but already the 
chocolate biscuits are a hit! 
The next few sessions will involve video training a 
IiiiiiiIIIIn:~:::@!,--_____ --, some practical exercises on problem solving. 
General 
Interviews will begin later this week (week 32) for the recruitment of an 
,:::::,:"'~':'·:':·:t,,:·:::::'-:~:::::,:,:I electronics technician. This is a replacement for John Shepard. 
: J. 
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ISO. 9000 Re-certification Audit 
The audit is scheduled for September 6 & 7 - yes two 
days! Can all shifts who are "on" during this period 
ensure that they are fully up to date with their specific 
procedures, and the requirements that may be made 
of them during the audit. Thanks. 
E Shift - Continuous Improvement Team 
E Shift have just 
implemented a couple 
of excellent ideas to 
increase effiCiency on 
the Rotex assembly 
jobs. 
Steve Morgan, Jim 
Francis, Glen Evens, 
and· Tony Williams 
worked together as a 
<z,%t<~;\B!;S::W16:Nt¥wmmWS3> team. They firstly 
fitted air ejectors to the 
mould tool, on both the 
".inner" and "outer" side, this will eliminate spillage and mixing of parts. 
The second modification involved machining a slot in the "outer" 
podmore bowl at the assembly machine. This second modification will 
.. force out any "inners" that have got into the "outer" bowl. 
Very well done to the team involved. 
Remove Week 35 David Bamford 
£28,000 of Scrap=~ :~~~ Porche 
(Produced in one month!) 
4 GPZ 900's 
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14,000 Pints of Beer! 
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Betts Plastics - Wrexham 
Justification - Project Proposal 
PFXXX-X 
Project Title: _______________________ _ 
Project Champion 
What is the aim of this project? 
Is this for a trial period? How Long? ________ __ : YES 
--NO __ 
Cost / 8enifit / Payback: 
External: Internal: 
- materials - materials in stock 
- equipment - equipment available 
- services/contracts 
-----
- other( ) 
- other( ) ____ _ 
£ 
Total Cost =£ 
=-----
Quantified Benefit 
Other Benifits 
How long is the 
payback period? 
(Approximate) 
Authorisation: 
=£ 
=------
= 
£ 
weeks/months 
The Project Champion is authorised to spend / consume resources up to the value 
of: 
£ _____ on Cost Centre/S.R.M.: ____ _ 
Note: 
----------------------------
Signed Date / /9 
---
Operations Manager D.R.S. 
) 
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CUSTOMER COMPLAINTIPROC£SS ALERT'" (DELETE AS APPLICABLE) 
8D CONCER.,~ ACTION REPORT WSI'0023 
CONCERN TITLE REFNo DATE 
Priority Customer Part Name 
1 I 2 3 Contact Part No 
1. Team Dept. 2. Problem Description (Definition) 
Champion SAFETY CRlTICAL YESINO 
3. Containment Action(s) % Effect Implementation Date 
4. Root Cause(s) % Contribution 
5. Chosen Permanent Corrective Action(s) Verification % Effect 
6. Implemented Permanent Corrective Action(s) Implementation Date 
7. Action(s) to Prevent Recurrence Implementation Date 
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Improvement Teams 
The objective of a continuous improvement team is to solve a problem so that it 
remains solved. This requires a disciplined approach, ie, some kind of structure 
which guides what team members do. Whenever problems become apparent it is 
usually the symptoms which are spotted first and the temptation is to start thinking of 
immediate solutions. This is the "quick fix" which does not remove the original 
cause of the problem. 
A problem-solving structure should ensure that the team: 
-fully examines the symptoms that are obvious together with how they 
affect the business; 
-identifies the causes which produce the symptoms; 
~decides on a solution or course of action which will remove the cause; 
-implements the solution. 
To do this systematically we could adopt a five-stage approach to project 
development: 
1. Define the symptoms of the problem. 
2. Find a solution. 
3. Submit proposals for a solution and pJan implementation. 
4. Communicate the plan and carry out any training. 
5. Implement. 
Stage 1: Defining the Symptoms 
At this point the main objective is to decide whether the problem is serious or 
important enough to justify the costs involved in further investigation. This means 
addressing three questions: 
1 - How is the customer affected by the problem? 
It is important· to identify who will benefit from the problem being tackled 
successfully. All internal and external customers should be asked for their views at 
this stage. 
2 - How can the scale of the problem be measured? 
The purpose of quality projects is to ensure continuous improvement. Measurement 
is at the heart of that improvement process. If the project is to be seen to be 
successful then the team will need to prove that there has been measurable 
improvement. Hence, before embarking on the project the scale of the problem 
must be measured so that a comparison can be made with the original situation 
once a solution has been implemented. 
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3 - What does the problem cost? 
Costs can be measured in financial terms, time, loss of production, reduced 
customer satisfaction, damage to company or brand image. 
Stage 2: Finding a Solution 
At this stage the team carries out thorough research to find out the root causes of 
the problem and identifies appropriate solutions which will tackle the causes. It may 
not be possible to find a 100 per cent solution but the objective is to find a 
cost-effective strategy which will improve the situation. 
Several techniques for this will be outlined later. 
Stage 3: Submitting Proposals for a Solution, Planning 
Implementation 
Having identified a solution or course of action, the project leader must submit the 
team's proposal for approval. When doing this three questions need to be 
considered. 
1 - What barriers exist to implementation? 
If the project is to be successful, inevitably there will be changes in the way things 
are done. This will have implications for people feel uncomfortable with change; 
they may feel threatened, fearful, resentful or angry when there are disruptions to 
the way they do their work or to their working relationships. This is especially true if 
they are not involved in data collection or decision-making. 
The first questions to ask when planning to implement new ideas are, 'Who will be 
affected by these changes?' and, 'How are they likely to feel about them?' These 
people will need to have the changes explained to them and be given an opportunity 
to ask questions and express their feelings about the changes. They may also 
need time to come to terms with change. If they are ignored the people affected 
may not support even the most well-meaning change. 
2 - What actions need to be taken to get things moving? 
An action plan should be agreed and carefully recorded so that everyone involved 
understands his/her role (8etts Plastics "Action Sheet" attached). The action plan 
should address the following questions: 
- What action is to be taken? 
- Why is the action to be taken? 
- Who will do it? 
- When will it be done? 
- Where will it be done? 
- How will it be done? 
Page 2 
APPENDIX 1 c. 
Betts Plastics 
3 - How will the new system be maintained? 
Once the new system is in place, steps should be taken to ensure that it continues 
to operate effectively and becomes part of the accepted procedures. The new 
system will also need documenting to ensure that: 
- New staff are quickly made aware of the procedure. 
- The procedure continues to be followed. 
- There is a recognised base from which future changes can be made. 
- Similar systems can more easily be introduced elsewhere in the 
organisation. 
- It becomes part of SS 5750. 
Stage 4: Communication and Training 
The next stage involves informing everyone who needs to know and offering 
appropriate training. This stage is vital. Unless it is carried out well people will not 
feel committed, they will not know what to do and the project will flounder. Outing 
the communication and training stage people will need to know: 
- Why the project was carried out. 
- Why the changes are to be made. 
- What the new system or procedure is. 
- How it will affect them. 
- What they need to do differently. 
- What help they will get. 
- When will it start. 
Finally in this stage, if people need new skills they will need time to learn, practice 
and develop them. 
Stage 5: Implementation 
A major pitfall at the implementation stage is for the team members to do everything 
themselves. Their role should be one of monitoring, coaching and helping others 
overcome any unforeseen difficulties. It may well be advisable to start 
implementati~n in a small way as a pilot. This will allow the project team the 
opportunity to monitor progress and ensure that their solution is actually solving the 
problem. When success has been achieved the project should be fully documented 
so that it can be used for reference if a similar problem occurs in the future. 
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What Problem-Solving Techniques are Available? 
Problem analysis can be divided into three separate activities: 
1. Problem identification. 
2. Problem definition. 
3. Generation of solutions. 
For each activity there are a number of problem-solving techniques available. 
1. The problem identification stage requires considerable thought and research 
into the causes of the problem. Techniques available include: 
- brainstorming; 
- cause and effect diagrams. 
2. The next stage is problem definition where data are collected, analysed and 
displayed in a way which crystallises the precise nature of the problem. Techniques 
available include: 
- systematic data collection; 
- data presentation diagrams; 
- pareto analysis. 
3. Solution generation, as the name suggests, requires the group to examine 
systematically courses of action which will eradicate the causes of the problem. 
Techniques include: 
- solution and effect diagrams . 
. Brainstorming 
The aim of brainstorming is to generate a large number of ideas from a small group 
of people. Its purpose is to produce creative thought and to encourage people to 
look beyond the obvious. Generally it is used either at the early stages of a project 
to generate ideas about what the possible causes of a problem might be, or later on 
to assist the group identify possible solutions. 
To carry out a brainstorming exercise all the members of the team need to sit 
together (round a table) facing a flip chart. The leader then outlines the nature of 
the problem and everyone in the group calls out ideas whilst the leader writes them 
all on the flip chart. I) 
Although ·the success of brainstorming depends on everyone seeing it as a 
free-for-all, there are nevertheless certain rules which must be followed to make 
sure the technique is effective: 
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- A leader should be appointed for the brainstorming session. It is his/her 
responsibility to make sure the rules are followed. The leader need not be the 
project leader but it is important that it is someone who is free of any pre-formed 
ideas. 
- Don't evaluate. If ideas are criticised during the ideas generation stage it 
will only serve to' inhibit other ideas. A" ideas should be recorded without comment. 
- The flip chart should be visible to everyone and the ideas recorded so that 
they can be seen. If the flip chart becomes full then tear off the sheet and stick it on 
the wall - group members can then look back at it for further inspiration. 
- Encourage quality throughout. It should be possible for a group to generate 
a lot of ideas for most problems. 
- Group· members should be encouraged to free-wheel and call out their 
ideas no matter how laughable they appear. Remember that an initially 'silly' idea 
may contain the seeds of something new and creative. Towards the end of a 
session use .the 'wildest idea' technique to obtain further thoughts not previously 
generated. 
- Finally all of the ideas should be evaluated. The group needs to scrutinise 
all the ideas for possible winners. They might also try to convert some of the more 
''way out" ideas into practical possibilities. Next they need to identify the 
advantages and disadvantages of each and subject each of the best ideas to 
"reverse brainstorming" by asking "in how many ways can this idea fail?" 
Cause and Effect Diagrams 
Cause and effect diagrams or fishbone diagrams are used to help a group identify 
and understand the underlying cause of a problem rather than the symptoms. By 
displaying ideas in a pictorial way it becomes easy to make sense of a lot of data 
while at the same time obtaining a broad picture of a problem. 
The first step is for the group to brainstorm the possible causes of a problem and 
then categorise them under four headings: 
- people; 
- procedures; 
- technology (including equipment and machinery); 
- materials '(all materials processes). 
All of this information is then fed into the basic diagram. The diagram on the next 
page shows possible causes of car trouble. 
This approach is very simple and deceptively powerful. Almost every situation at 
work is likely to be affected by the four basic factors - people, procedures, 
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technology, materials. When the diagram is complete the group will be able to get a 
very clear picture of the nature of the problem. Then, working from the information 
on the diagram they will be able to decide which specific areas to investigate. The 
process of assessing priorities and elimination will allow the "root cause" of the 
problem to be found. 
PROCEDURES 
CAN'T HEAR ALWAYS 
ENGINE LATE 
-RADIO LOUD 
-POOR HEARING 
TECHNOLOGY 
FUEL MIX 
TOO RICH 
UNDER-INFLATED 
\--- TYRES 
POOR 
----~--------~~----------------~,_----~PETROL 
DRIVING 
HABITS ---I 
PEOPLE 
NO 
AWARENESS 
MATERIAL 
Data Collection 
MILEAGE 
WRONG OCTANE 
PETROL 
Having identified the possible causes of a problem through brainstorming and 
applying a cause and effect diagram, the group next needs to research thoroughly 
the most likely causes and collect as much data as possible about each cause. 
The purpose of data collection is to understand thoroughly the current situation in 
order to be able to analyses and improve it: 
- Having a definite purpose - being very clear about why they are collecting 
particular information. 
- Relevance - it is important that the group ignores everything that is not relevant 
to the problem under investigation. They need to collect only one set of data at a 
time and keep it simple - this will avoid confusion. 
- The data must be accurate and measurable. It needs to be very carefully 
observed and recorded in terms of quantity, time, quantity and / or cost. 
- The data must be representative. It should accurately reflect normal conditions. 
For example, collecting data at times like Christmas Eve or at the end of the 
financial year will probably not represent normal conditions. 
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Data Presentation 
Having collected the data the group now needs to assemble and present them in a 
simple and meaningful way. Typically, if people have a choice between figures, 
words and pictures they are likely to find pictures the easiest to understand. It 
follows therefore that whenever possible groups should present their data in 
diagrammatic form using charts or graphs. Techniques for doing this include: 
- pie charts; 
- bar charts; 
- histograms; 
- graphs, etc. 
Pareto Analysis 
Pareto analysis is named after the Italian economist Vilfredo Pareto who found that 
80 per cent of the wealth was in the hands of 20 per cent of the population. This 
80-20 rule holds true for a great many things in life. Pareto analysis is a simple 
system used to differentiate the "vital few from the trivial many" causes of a~ problem. 
In problem-solving a group can use the Pareto Principle to identify where the 
greater part of the problem lies. If 80 per cent of a problem arises from 20 per cent 
of the causes then it makes sense to tackle the 20 per cent, eliminating most of the 
problem. 
Pareto analysis involves four steps: 
1. Decide which "causes" to collect data about 
Decide the categories of the data items and the period over which data will be 
collected - then collect the data. 
2. Tabulate the data: 
Arrange the causes in descending order and tabulate the data. Causes that contain 
only a few items can be combined and categorised as "others" and listed at the end, 
e.g.: 
Cause Number 
A 13 
B 7 
C 2 
D 1 
Others 2 
Total 25 
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3. Calculate the percentage and cumulative percentage 
To calculate the percentage, divide the number for each cause by the total and 
multiply by 100. To calculate the percentage, put the top figure in the top figure in 
the new column and going down, Add each new figure to the last, e.g.: . 
Cause Number % Cum% 
A 13 52 52 
B 7 28 80 
C 2 8 88 
0 1 4 92 
Others 2 8 100 
Total 25 100 100 
4. Draw a Pareto diagram 
See diagram below. This example highlights the fact that 80 per cent of the problem ,,. 
is caused by factors A and B. If these two can be eradicated then most of the '0 
problem will be solved. 
120 ,_._._.-.... _ ....... _ .... -.................... -_ ... - ........... --........ -... -.-......... - ........................................... -....... -............ - .............. -._ ... _ ..... _._.-_ ...... _ ... 
100 
80 
60 
40 
20 
A· B c D Other 
Solution and Effect Diagrams 
This is a similar tool to the cause and effect diagram discussed earlier. Once again 
it takes the form of a fishbone diagram but this time it is used when a possible 
solution to a problem has to be chosen. When choosing a solution it would be 
unwise for a group to press ahead without thinking about costs and consequences. 
It is important therefore for the group to brainstorm a list of negative outcomes 
(however improbable) and categorise these under the same headings: people, 
procedures, technology, materials. An example of a solution and effect diagram is 
given on the next page. The solution and effect diagram may well uncover 
undesirable effects that had ,previously escaped consideration. 
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Recording 
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The purpose of this guide is not to provide an exhaustive list of problem-solving 
techniques, others do exist. Here an overview has been given to some of the 
methods currently used for developing solutions to specific problems. Other 
techniques can of course be used to suit a given situation. 
Why might Projects Fail? 
." For projects teams to work successfully they" must be seen as important and people . 
must continue to be enthusiastic. Without these prerequisites they will quickly fail. 
There are many pitfalls; they include: 
- Lack of commitment by senior managers - it is essential that managers 
encourage project teams, provide support and help them to implement their ideas. 
I - Project teams not being given significant problems - this is another aspect of 
low management commitment. It is essential that the problem is identified first, is 
recognised as being signific"ant, and an investigatory team is set up. The alternative 
is to set up a project team and then look for problems. 
- Project teams not being given sufficient authority or resources - it can be 
demotivating, for example, if a team is set up and then not given sufficient time away 
from the job to do the project justice. 
- Lack of clarity over terms of reference - the group needs to be well briefed. 
- Failure to assist in implementation. It is not sufficient simply to investigate a 
problem and write a report. The team needs encouragement to see the project 
through to implementation. 
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- Status and politics - successful project teams rely on an appropriate 
management style, i.e., one which genuinely values people's ideas and wants to 
encourage their creativity. 
- Lack of training - you will need to ensure that project leaders are able to 
facilitate the group and that all group members are trained in using the 'tools and 
techniques' of project management. 
- Lack of co-ordination - project teams need to have their efforts co-ordinated. 
It is also useful to document and keep a register of all projects which have been 
completed. This can be used as a source of reference if similar problems emerge in 
other parts of the organisation in the future. 
To Conclude 
The key resource in any organisation is the people within it. It is the people who 
create the systems, processes and procedures: it is their routine and consistent 
implementation which provides the products and services which, it is hoped~ fulfil the 
customers' expectations. 
The increased utilisation of the resident "expert" knowledge that exists within the 
company is the aim of this Continuous Improvement Team initiative. 
Teams lead to the discovery and correction of all sorts of faults that prevent correct 
working. 
Although some companies do not set out to achieve a pure financial return, most 
find the benefits are at least double the costs. 
David Bamford"- Teaching Company Associate 
February 1994 
References: Jefferies et a!. "Training for Total Quality Management", 1992, 
Kogan Page Limited. 
Department of Trade and Industry, "Quality Circles", 1992. 
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FEBRUARY 1995 
15 CUSTOMER COMPLAINTS 
10 FROM PERSONAL CARE 
5 FROM CLEANROOM 
4 RESUL TING IN REJECTION 
(2 from M+H Plastics, 1 from Wella - Germany, 2 from Glaxo - France, 5 from 
Betts Tubes, 1 from J + J, 3 from Upjohn, 2 from Statestrong.) 
Forty One 80's: Nineteen live; Twenty Two closed. 
QUARANTINE STOCK 
QUARANTINE STOCK VALUE £ 8,379.64. 
CONCESSIONS RAISED 
5 CONCESSIONS 
- 3 NOT SPECIFIED AS ALTERNATE MATERIAL ON SPEC. 
- 2 NO RS TO MATCH COLOUR - SPEC READS "RS T.B.A." 
- 1 CORES CHANGED ON 3M CAP, NO RS. 
PASS-OFFS FAILED 
NO PASS-OFFS FAILED 
JOB CHANGES + COLOUR CHANGES 
JOB CHANGES PERSONAL CARE - 73 
COLOUR CHANGES PERSONAL CARE - 168 
MOULD CHANGES CLEANROOM - 23 
PAD CHANGES CLEANROOM - 4 
COLOUR CHANGES CLEANROOM - 2 
D.BAMFORD 
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Current Period 
1. Costs Directl~ Associated with the Qualit~ Function. Week I Month 
Date: 
_1_1- Cost (£) 
Prevention Costs 
Quality Personnel 
Process Control Personnel 
Laboratory Personnel 
Cost of Quality Training 
Cost of Presenting Quality Costs to Management 
A~~raisal Costs 
Receiving Inspection 
Supplier Audits 
Lab Tests to Assess Quality Acceptance I Standards 
Review of Test and Inspection Data (C of C, C of A) 
Internal Testing & Release - before Shipment (e.g. S.I.D.) 
Calibration & Maintenance of Equipment Used to Evaluate 
Quality. e.g. Solex Gauges, Scales, Johannson. 
Internal Failure Costs 
Troubleshooting I Failure Analysis 
External Failure Costs 
N/A 
MPHIL4B1 
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Current Period 
2. Quality Related Costs of Functions Qerformed by Week I Month 
Personnel Outside the Q.A. DeQartment. 
Date: I I Cost (£) 
Prevention Costs 
Engineers - Planning & Directing Initial Product Qualification 
. ) 
A~~raisal Costs 
Inspection & Testing: Pass-Off I Routine Inspection 
Set-up Cost for Inspection & Testing (set up of lab) 
Inspection & Test Materials 
Product Quality Audits: On in-process or Finished Goods 
Maintenance & Calibration of Test & Inspection Equipment 
e.g. Solex Gauges, Scales. 
Inspection & Test Reports - Costs for Collecting & Processing 
Internal Failure Costs 
Troubleshooting & Failure Analysis - Engineers I Technicians I 
.) Operators . 
External Failure Costs 
N/A 
MPHIL482 
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Current Period 
3. Internal Cost of Budgeted Failures Week I Month 
Date: I I Cost (£) 
Prevention Costs 
N/A 
A~~raisal Costs 
N/A 
Internal Failure Costs 
Scrap (1 %) 
Any Figure for Rework? 
Any Planned Overmakes? 
External Failure Costs 
N/A 
MPHIL483 
. .. , 
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Betts Plastics Quality Costing Exercise 
4. Internal Cost of UnQlanned Failures 
Date: 
-'-'-
Prevention Costs 
Quality Personnel 
Laboratory Personnel 
Aggraisal Costs 
Lab tests to Assess Quality Acceptance' Standard . 
Internal Failure Costs 
Scrap 
Rework 
Troubleshooting' Failure Analysis 
Re-inspect' Re-Test 
Scrap & Rework - Fault of Supplier 
External Failure Costs 
Commercial Error - Paperwork Error, Order Misunderstood 
Engineering Error - Wrong Paperwork Issued 
MPHIL484 
David Bamford 
Current Period 
Week'Month 
Cost (£) 
APPENDIX 2 
Betts Plastics Quality Costing Exercise David Bamford 
Current Period 
5. Cost of Failure After Chanqe of Ownership Week I Month 
Date: I I Cost (£) 
---
Prevention Costs 
Quality Personnel 
Laboratory Personnel 
AQQraisal Costs 
Receiving Inspection (of returned goods) 
Lab tests to Assess Quality Acceptance I Standard. 
Internal Failure Costs 
Scrap 
Rework 
Troubleshooting I Failure Analysis 
Re-inspect I Re-Test 
..) 
External Failure Costs 
Complaints (S.R.N.) - Specific Values 
Products Rejected & Returned - Cost of Handling 
Commercial Error - Paperwork Error, Order Misunderstood 
Engineering Error - Wrong Paperwork Issued 
MPHIL48S 
Betts Plastics Quality Costing Exercise David Bamford 
As a WeekJ 
6. P.A.F. Cost Collation Sheet %. Month 
Date: I I Cost (£) 
---
Prevention Costs 
Quality Personnel 
Process Control Personnel 
Laboratory Personnel 
Cost of Quality Training 
Cost of Presenting Quality Costs to Management 
Engineers - Planning & Directing Initial Product Qualification 
AQQraisal Costs 
Receiving Inspection 
Supplier Audits 
Lab Tests to Assess Quality Acceptance / Standards 
Review of Test and Inspection Data (C of C, C of A) 
Internal Testing & Release - before Shipment (e.g. S.I.D.) 
Calibration & Maintenance of Equipment Used to Evaluate 
Quality. e.g. Solex Gauges, Scales, Johannson. 
Inspection & Testing: Pass-Off / Routine Inspection 
Set-up Cost for Inspection & Testing (set up of lab) 
Inspection & Test Materials . 
Product Quality Audits: On in-process or Finished Goods 
Maintenance & Calibration of Test & Inspection Equipment 
e.g. Solex Gauges, Scales. 
Inspection & Test Reports - Costs for Collecting & Processing 
Lab tests to Assess Quality Acceptance I Standard. 
Receiving Inspection (of returned goods) 
Lab tests to Assess Quality Acceptance I Standard. 
MPHIL4B6 Page 1 
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Betts Plastics Quality Costing Exercise David Bamford 
As a WeekJ 
6. Total Costs %. Month 
Date: / / Cost (£) 
---
Internal Failure Costs 
Troubleshooting / Failure Analysis 
Scrap (1 %) 
Any Figure for Rework? 
Any Planned Overmakes? 
Scrap 
Rework 
Troubleshooting / Failure Analysis 
Re-inspect / Re-Test 
Scrap & Rework - Fault of Supplier 
External Failure Costs 
Complaints (S.R.N.) - Specific Values 
Products Rejected & Returned - Cost of Handling 
Commercial Error - Paperwork Error, Order Misunderstood 
Engineering Error - Wrong Paperwork Issued 
MPHIL4B6 Page 2 
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Quality Costing - M.Phil. Research 
PROPOSED QUALITY COSTING METHODOLOGY 
Available Quality Related Cost Data 
- Payroll analysis. 
- Scrap reports - value in / value out (1 % scrap allowed for in estimates?). 
- Sorting / rectification. 
- Return shipping costs. 
- Material usage variance. 
- Organisation charts. 
- Job descriptions. 
- Departmental budgets. 
- Std cost of manufacture 
- Standard output at all stages of manufacture: Colour change time. 
(Flow chart this process) Pass off time. 
Production standards. 
Over-runs. 
Assembly Operations. 
Goods out. 
- Also use: Record of returns and replacement (work out std cost). 
Warranty and liability costs. 
Records of investigation and sources of faults. 
Number of returns. 
Suppliers liability. 
Sources of error and value. 
Five Stages in the Quality Cost Collection Exercise 
1. Costs directly associated with the quality function. 
2. Quality - related costs of functions performed by personnel outside the Q.A. 
Dept. 
3. Internal cost of "budgeted failures". 
4. Internal cost of "unplanned failures". 
5. Cost of failure after change of ownership. 
Start with an accurate cost of scrap figure - some re-education of personnel may be 
necessary. Collect on a daily / weekly / monthly basis. 
David Bamford - July 1994 Page1 
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Quality Costing - M. Phi!. Research 
Take Particular Care With: 
Oversights: you may overlook some elementary aspects, obtain a consensus 
opinion before embarking on an elaborate scheme. 
Over - elaboration: Don't spend too much time looking for small exact amounts, we 
are after information that can be used to aid the decision 
making process. 
Double-counting: e.g. don't count scrap and cost of replacement if can use some 
of the components again. Have to take the difference away. 
Overheads: If manufacturing costs already carry an overhead allowance which 
makes provision for cost of maintaining Q.A. department, then cannot 
include separate quality cost for extra inspection incurred. 
Clearer if overhead is ignored and inspection is included as a charge 
when and where it actually occurs. 
Essential to agree basic rules for collection of quality costs with the 
company accountant before starting. 
Standard Output: Check figures for built in scrap (1 %). 
E.g. take into account rejecting 5 shots from Impulse collar, 
after stoppage. 
Quality Costing - Categories and Build Up 
Prevention 
1. Quality personnel. 
2. Process control personnel. 
3. Laboratory personnel. 
4. Engineers - planning and directing initial product qualification. 
5. <;ost of quality training. 
6. Cost of presenting quality costs to management. 
Appraisal 
1. Receiving inspection. 
2. Supplier audits. 
3. Laboratory tests to assess quality acceptance I standard. 
4. Inspection and testing : Pass offs. 
: Routine inspection. 
5. Set up cost for inspection and testing (set up of lab). 
6. Inspection and test materials. 
7. Product quality audits - on in-process or finished goods. 
8. Maintenance and calibration of test and inspection equipment. 
9. Review of test and inspection data (C of C, C of A). 
10. Internal testing and release - before shipment (e.g. SID). 
David Bamford - July 1994 Page2 
) 
) 
APPENDIX :2 
Quality Costing - M. Phi!. Research 
11. Calibration and maintenance of equipment used to evaluate quality - e.g. jigs, 
Johannson equipment. 
12. Inspection and test reports - costs for collecting and processing. 
Failure (Internal) 
1 Scrap. 
2 Rework. 
3 Troubleshooting / failure analysis. 
4 Re-inspect I re-test. 
S Scrap and re-work - fault of supplier. 
Failure (External) 
1. 
2. 
3. 
4. 
So ... 
Complaints (SRN). 
Products rejected and returned - cost of handling. 
Commercial error - paperwork error, order misunderstood. 
Engineering error - wrong specifications issued. 
- Need to educate the workforce, at all levels, in the purpose of this exercise and the 
part which they can and must play in its successful completion. 
- Need to design a series of forms that can be used to gather the relevant 
information from the relevant sources, as outlined above. 
- This information needs to be collected per shift, per day, per week, per month in 
order to perfect the collection process. 
- The information should be reported on a monthly basis, to be seen to be part of the 
month end reporting format (this will also serve to educate people in the new 
technique). 
- Remember this methodology is being developed to give quality costs for high 
volume manufacturing industry (Small, Medium Enterprises), and should be adapted 
to suit any particularly unique situations that arise. 
- Trial methodology through one department first (personal health care, finishing, 
clean room?), adapt it then try plant wide, adapt it again then try on both sites. 
- The split into prevention / appraisal/internal or external failure has been done 
purposefully to provide data that may be transformed into information, and then 
used within the decision making process by managers. Over a period of time, as 
the continuous improvement program gains momentum and starts to shown tangible 
results, a graph such as the one shown on the next page should emerge. This 
diagram clearly indicates a change in emphasis in the spending prioritises of the 
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Quality Costing - M.Phi!. Research 
company concerned. The overall costs have come down and the distribution 
amongst the four main categories has changed. 
11) 
Q) 
ii 
(/) 
-0 
-c Q) 
t) 
... 
Q) 
c.. 
10 
Appraisal 
21-----4x----------------I Prevention 
---·6% 
" '4.5% 
"" '3% 
Time 
Total quality continuously drives down overall costs by effective use of prevention 
costs. 
This process will take years!!! 
David Bamford 
July 1994 
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Quality Costing Data 
(.:) 
/\P?E~·!!)!X :3 
._--------
Quality·Cosing Graphs - from other research 
The following graphs have been taken from various sources for comparison use 
in chapter five - Findings: P.A.F. Model. 
David J. Smith (42) in Gower's Handbook of Quality Management, examines a 
generic breakdown of operating quality costs for a six month period in an 
organisation which manufactures and assembles electronic equipment. Table A 1 
below. 
Q. Costs % of gross sales 
Category Qual Costs Sales Turnover 
% % 
P 10.4 0.91 
A 37.71 3.3 
F 49.82 4.36 
100 8.75 
Table A1 
Lester et. al. (11) established quality costs for their .work with the Hawley-Lynch 
Company. The company manufacturers electrical appliances, with a twenty 
million dollar sales turnover. Table A2 below. 
Q.Costs % of gross sales 
Category Qual Costs Sales Turnover 
% % 
P 1.88 0.3 
A 5.62 0.9 
F 92.5 14.8 
100 16 
Table A2 
Plunkett (45), in his PhD thesis on the study of the collection and use of quality 
related costs in manufacturing industry quotes the quality costs for plastic 
products. The standard industrial classification (s.l.e.) of thirty refers to a 
specific industry. sector - Rubber and Miscellaneous Plastic Products. The 
source of this data is "Quality", June 1977. This data is shown below in table A3. 
APPENDIX 3 
Formal Program 
Quality Costs (% of net sales billed) 
Rubber & Mise. S.I.C. Total P A Fi Fe 
Plastic Products 30 14.7 0.4 2.3 9.5 2.5 
100 2.72 15.64 64.62 17 
Table A3 
Tables A4, AS, and A6 are taken from Dale and Plunketts work on quality costing 
(20). 
Table A4 below shows the quality costs of a site which forms part of a large group 
of metal refining and fabrication company. It employees 150 people on the site 
and has a turnover of five million pounds. Figures are also displayed of general 
manufacturing industry costs. These were taken by Dale and Plunkett from the 
publication "Quality", June 1977. 
Q.Costs Manufacturing Sales Turnover Manufacturing 
% Indus - General % Indus - General 
P 3.4 10.3 0.37 0.6 
A 29.5 26 3.14 1.5 
Fi 54.5 43 5.18 2.5 
Fe 12.6 20.7 1.34 1.2 
Total 100 100 10.65 5.8' 
Table Qualit~ 
A4 Cost 
Surve~ 
Table AS demonstrates the quality costs for a manufacturing site of ancillary 
equipment for engines. The site has a seventy two million pound turnover. 
Categories Quality Cost % Sales Turnover % 
P 6.6 0.38 
A 42.3 2.4 
Fi 31.8 1.8 
Fe 19.3 1.1 
100 6.1 
Table AS - Quality Costs 
o 
APPENDIX 3 
Table A6 demonstrates the quality costs for a manufacturer of diesel engines. 
The firm employes thirteen thousand people, and has an annual sales turnover of 
forty-eight million pounds. 
Categories Quality Cost % Sales Turnover % 
P 7.4 0.7 
A 24 2.3 
Fi 21 2 
Fe 47.6 4.1 
100 9.6 
Table A6 - Quality Costs 
If the above graphs are combined to provide an indusrty average table A7 is 
produced: 
A1 A2 A3 A4 A5 A6 Average 
Prevention 10.4 1.88 2.72 3.4 6.6 7.4 6 
Appraisal 37.71 5.62 15.64 29.5 42.3 24 26 
Failure 49.82 92.5 81.62 67.1 51.1 68.6 68 
Total 100 100 100 100 100 100 
% of Sales 8.75 16 14.7 10.65 6.1 9.6 10.96 
-
Table A7-
Industry 
Averages 
APPENDIX 4 
Process Model Information 
Flow chart of process 
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5. Pass.off procedu':~~e 
(CarrieQ' out by Materials Handler/Setter). 
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6. Moulding. 
When unit is set up and running .... 
Setter takes 3 lift samples and informs shift manager. 
Oper~~tor- Audit record every 2 hours 
- Continuous control inspection 
- Report any defect to Shift Manager 
- Check tote boxes 
If any problems (if unacceptable)- all treated as NON-CONFORMING PRODUCTS. 
and corrective action taken. 
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Flow Chart of Process 
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[' .' •• '.' :::: "(j)'rde r ,e~q~I~l-t~-c_~~tiljlc;}~ M a nag ~(':<J 
.:::::::::::::::::.:<:::.:::':::::::::::.: .. : .... :.: .. :-.:.... .... . ... ' : ... ~. .:: ....... ':. ::::.':. I:::::: .. ::::: .... :::::.: :.:: '::'.::'::.:::.:::::':':::'::::::.': .. 
I 
I . iil!!!!liili!~I~itl~ii~MI~~~~;8r~~~\ti;I~~iitii~1'~~I~~ti~~!",,1 
. 1. 
, 
I 
I •• 
t 
I 
I 
,I 
I '\ ,_~J 
r ,~, 
I: 
r _, 
c .... · .... · .... . ............................................................. J 
~11I1111111;~~~#:8a~~I~~em:;~~m~e~~:~I::!I!.I@i:w 
~>f 
'T' 
I r 
~ 
( 
.......... · .... ·w ~ : : ; .. ! : : / ! I : I i~ : ~ ./. i : I :::::::::::::::::::~ 111/111111111111111 
H 
I ! ~-; 
,I 
C', 
\ 
r 
" 
:,'J 
',' 
'I' ,.~,) 
-.. 
, 
I 
"", 
" \ 
APPENDIX 4 
2a. Present Planning and PWO's. 
Note 
P. W. O.=Production 
Works Order. 
-- Page 2b,"Z". 
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2b. Present plannIng and PWO's 
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2c. Improvement planning and PWO's. 
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3. Goods receiving 
~otes: No testil"1g is carried on raw materials or packaging 
Testing is carried out on springs 
On delivery of springs, empty trays are loaded for return .. 
APPENDIX 4 
4. Mould changeover 
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5. Start-up Moulding 
APPENDIX 4 
6. In Process- Moulding 
':.~) .. 
" ;.' 
" ) " 
mlillllB.~~i~!IIlI@ 
I 
I 
APPENDIX 4 
7. Assembly Process 
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(to page 9) 
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8. Assembly Testing 
-Visual inspection as 
per sheet 
-1 in 50 
-3 dry fires 
Pull test 
-Functional tests as 
per sheet 
-Visual inspection as per 
sheet 
-Measure compressed 
height of sub assembly 
-Gauge for boot retention 
(do when moulding) 
-Functional tests as 
per sheet 
APPENDIX 4 
9. Certificate preparation and sample dispatch 
(from page 9) 
I Check and file paperwork 
I 
Prepare C of C and C of A. 
I 
Collate samples. 
I 
Despatch samples to Customer 
(NB: Via ANC for'export with load to site) 
I 
Advise Commercial Manager. 
I 
Manual invoice raised for export samples 
I 
When load approved (export) see later 
or due date. 
I 
Picking ticket .raised and released 
I 
Delivery to site. 
I 
Delivery booked in 
I 
Advice raised and ~rinted ---------" 
Load marshalled and loaded I nvoice raised 
I I 
Deliver and unload at site flOC Paid 
APPENDIX 4 
10. Sample approval. 
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APPENDIX 4 
Betts Plastics 
Clean Room - Process Cost Report Oate:_'_'_ 
Process Cost Process Cost Cost data source 
conformance Act Syn £ Nonconformance Act Syn £ 
People Produced hours x 
Assembly, inspec & hourly rate. 
test. 
Rework' retest , Hours x hourly 
reinspect rate. 
Waiting time Hours x hourly 
rate. 
Equipment Capital assets 
Cost of equip required inventory. 
for work. eg 
depreciation, maint 
Cost of equip for Capital assets 
rework inventory. 
Environment Accounts 
floor space, maint, 
services 
Floor space, etc Accounts 
for rework 
Materials & Methods Cost estimate 
Purchased mat, 
handling sys & packing 
Scrap; Scrap report 
contingencies, 
mat price vari. 
Task allocation, Accounts 
supervision of process. 
Fault finding Accounts 
guides, cost of 
change. Training. 
Total process Total process 
conformance cost nonconformance 
cost 
Prepared by: 
The above has been developed from 8S6143, P.1, 1992. 
APPENDIX 5 
Improvement Information 
APPENDIX 5 
wASTE MA TERIAL SHEET. 
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SCRAP TEAM· 
MATERIAL INPUT SUB-GROUP 
Tony Davies & Mike Mazzarella 
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"MA1~ERIAL INPUT" 
SUB-GROUP 
[J MATERIALS LOST AT STOCKTAKE 
~ NOVEMBER 1993: 
[J POLYMERS £15200 
[3 MASTERBATCH £4771 
o TOTAL £19971 
C> NO SCRAP RECORDING!! 
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"MA1-ERIAL INPUT" 
SUB-GROUP 
D MATERIALS LOST AT STOCKTAKE 
~ DECEMBER 1993: 
o POLYMERS £9500 
o MASTERBATCH £6400 
[J TOTAL £15900 
t> SCRAP RECORDING BEGINS-21 0/0 
IMPROVEMENT!! 
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"MA1'-ERIAL INJ9UT" 
SUB-GROUP 
o MATERIALS LOST AT STOCKTAKE 
~ JANUARY 1994: 
o POLYMERS £6925 
EJ MASTERBATCH £1417 
[J TOTAL £8342 
=SCRAP RECORDING BECOMING ACCURATE, AND 
TAKEN SERIOUS 
o - 48% IMPROVEMENT ON DECEMBER 1993 
o - 59% IMPROVEMENT ON NOVEMBER 1993 
» 
u 
u 
m 
z 
o 
X 
(,., 
"MAi~ERIAL INpJUT" 
SUB-GROUP 
o MATERIALS LOST AT STOCKTAKE 
= FEBRUARY 1994: 
o POLYMERS £700 
-
o MASTERBATCH £1600 
o TOTAL £2300 
o IMPROVEMENTS: 
= 72% IMPROVEMENT ON JANUARY 1993 
= 84% IMPROVEMENT ON DECEMBER 1993 
= 88% IMPROVEMENT ON NOVEMBER 1993 
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APPENDIX 5 
Betts Plastics - Wrexllam 
Project Proposal 
Project Title: CQ'N vt..,< OJ3. c;.VP\S?<\)\ ~ C.,. 
Project Champion C\\~,S ~D}l£:.S 
What is the aim of this project? 
Is this for a trial period? 
Cost / 8enifit / Payback: 
External: Internal: 
- materials - materials in stock 
- equipment - equipment available 
- services/contracts 'l1C6 x 11 'mIc. 
- other( ) , 
- other( ) 
£ SQ\ b 
Total Cost = £ SO, G 
£ 
Quantified 8enefit_. :'S)V:'i\'~-l Go \jS)f\\,S SY\L\.A G-B jSB"\)\) (,tp 12'-( !\'??"ROX 
. '-.-~~~~ \~Og~\..\..£o,CrYt :iu:~ss 'Yf3. tJObrn~ •. qo'" ':3~)9 
= £ ~ '" \" ? t:R to\ON\)l) 
Other Benifits 1W'\E ~10h ?) (,~\~ er \)1 S")\..\..f'\ G-E. ~).l ~ \[£,'t> 't.L5E)rl~ 
~~Q-o\) CPQ ~ SS\)1'>lS ?-rA"1' o)-? =r,1VlE. 
?\J'T Q~ e-u.... '¥\/G"s - ~~Nx. 'XLI:: XY'Y:>,\..yr'( ""'0 SWAy 
1\)\112 c...~~ (Te ";IQ»S \J,l'nOv:x ~6SJ"£'\c:-r'o}J 
How long is the 
payback period? : 3q\ ~ -;- SO, G=\·17. .weeks/months 
(Approximate) 
Authorisation: 
The Project Champion is authorised to spend I consume resources up to the value 
of: 
£ SQ\ b on cost code: '-< -\- \"'\ 
Signed ~cQ.'v9 ~ 
Derek Oliver - Operations Manager 
. ) 
; 
... -,. 
APPENDIX 5 
Betts Plastics - vVrexllalll 
Justification - Project Proposal 
Project Champion 
What is the aim of this project? 
PFXXX-X 
Is this for a trial period? : YES ..... How Long? __ - ______ _ 
NO J7 
Cost I Benifit I Payback: 
External: Internal: 
- materials - materials in stock 
- equipment 4:-.:;z Cl 0 
c 
- equipment available 
- other (r/ ;1";:'l-"'/? ) - services/contracts 
-----
/.-../ /~ 0 vSL'---
- other( ) ____ _ 
£ ,~2. c:; CJ =.£ ___ _ 
Total Cost = £ ;;l.. 00 
Quantified Benefit :...;V~/-:-L-~tt._--=.5:;.......:/--=-P...:..~_...:../3....::::::...::c~;x:....-.:.c-_-S=---_"/_/:-:....P.....:.P_/_"'/'_(:F_-=.o.....::/-_-.....::/-...:..-_ 
? /..L-c-- L- / /1./ c--, 
Other Benifits 
How long is the 
payback period? 
. (Approximate) 
Authorisation: 
: iA/ / ? L /l c-'""7:;> (/ ~~- -pr /+<'-~ /7- / 5 .,l, -- c;; /== .-A--'7/ S "/ /P ..{-t"~ :s 
I. c- ~ &V' ./7..J,....., G- ~ t;? K c-~ 0 ........ ~ /9 .?L. ~ .. '-75 ..-9---.0 
vv /Z t;? ........ ~ L-~ 6-"'Z$ er ..v" ..-::; .." X" c...c. , 
/.J (1.-1/'7 /...4.-? ~'i!- - 7'0 CL.-.!->' ,.." C/ /? S /-' / L.. -;- ~-s 
G-/ (/ t'J ~ ~~ C',."..,7/2pL. 
. The Project Champion is authorised to spend I consume resources up to the value 
of: 1'\0 ____ 
£ Ji.. Q on Cost Centre/S.R.M.: ____ _ 
Note: 
Signed Date..?71 5" 195 
Operations Manager D.R.B. 
